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© Inter and/or intramolecular cross-linked esters of acid polysaccharides are disclosed in which a part or ail cf 
the cartoxy groups are esterified with hydroxy! groups of the same molecule ana'or of different molecules of the 
acid polysaccharide. These inner cross-linked esters of polysaccharide acids are useful in the field cf 
biodegradable plastic materials, to manufacture sanitary and surgical articles, in the cosmetic and pharmacsuo- 
cai fields, in the food industry and in many other industrial fields! 
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CRCSSL1NKED CARBOXY POLYSACCHARIDES 



The present invention concerns inter ancor intramofecjiar esters of acia cciysacrnances containing 
carcoxy funcacns. in which a pan or all of sucn functions are estenfied wun nycroxyi crcuos of tr.e sarre 
molecule ana/or of different maecuies of the acid poiysacchariae. thus forming :ac:one or intermoiec-jiar 
ester bonds. These "inner* esters of polysaccharide acids, in which there is no intervention by CH grcccs 
5 of other alcohols, can also be defined as "auto-crossiinked polysaccnandes". since :ne formation of a 
mono- or polymolecular cross-Jink is the consequence of the abovemennoned internal esterification. 
Hereafter, the new compounds of the present invenrion will be referred to by this definition.- The acjecrive 
•cross-linked " refers to the crosswise connections- between the carboxyls and hydroxyls of the polysaccha- 
ride molecules. 

70 The new inner esters can be total or partial, depending on whether all or oniy pan of the carcoxy 
functions are estenfied in the above manner. In the partial inner esters, further carcoxy functions can ze 
either totally or partially estenfied with monovalent or polyvalent aicohols. thus forming "external" ester 
groups, and in the partial esters of both these ester groups the non-esterified carboxy functions may be free 
or salified with metals or organic bases. 

fs Esterification between different polysaccharide molecules consequently increases their molecular 
weight which can be roughly doubled or multiplied according to the number of molecules involved in the 
crosslinking. The degree of "polymerization" varies according to the conoitions used in the preparation 
procedure described hereafter, such as temperature, reaction duration, but it may likewise depend on th 
polysaccharide to be crosslinked. Even though it is impossible to ascertain the ratio between the two types 

20 of ester bonas. an approximate representation can be made on the basis of the molecular weight, this b ing 
proportional to the number of molecules of the polysaccharide aggregate of the abovesaid bonds of 
intermoiecular inner esters. Particularly important are the crosslinked products of the present invention, 
resulting from the fusion of two or three polysaccharide molecuies.and products varying in their degree of 
"polymerization*' in these terms. They can be obtained for example by means of the procedure used in the 

25 illustrative Examples. 

The invention also concerns the use of the new inner esters, for example in the field of biodegradaole 
plastic materials, to manufacture sanitary and surgical articles, in the cosmetic and pharmaceutical fields, in 
the food industry and in many other industrial fields. 

Acid polysaccharides containing carboxy functions which serve as the basic starting materials to the 

30 new inner esters of the present invention are all those already known and described in literature, such as 
the natural ones of animal or vegetable origin, and synthetic derivatives of the same, but above all 
hyaluronic acid, alginic acid, carboxymethylceltulose. carboxymethyl starch (also referred to as 
"carboxymethyiamide") and carboxymethylchitin. Also the external partial esters of acidic poiysacchandes. 
such as those of hyaluronic acid and alginic acid, may serve as starting compounds. The partial esters of 

2S carboxymethy (cellulose, of carcoxymethyl starch and carboxymethylchitin which can be used as starting 
materials are described in the Italian patent application No. 47963A/88 presented on the same date and 
they can be obtained according to the general preparation procedure for carboxy polysaccharide esters 
described in the European patent application No. 86305233.8 (Pub. No. 0216453. published on April 1. 
1987). As starting material it is also possible to use molecular fractions of the abovesaid acidic poly sac - 

40 charides as well as their partial esters. 

The specific use of the new esters can be determined and depends upon the overall degree of 
esterificaticn, inner and possibly external, that is the number of estenfied carboxy functions, and also me 
number of salified groups, as welt as the degree of aggregation ("polymerization *) of the molecules 
involved in the process of esterification. These indeed are the factors which determine the solubility of th 

<3 product and its viscous-elastic properties. Thus, for example, the total esters are practically insoiubl in 
aqueous liquids and are suitable, due to their molecular structure, for use in the manufacture of plastic 
materials and as additives for such materials. The esters with medium or low degrees of esterification and 
their salts with inorganic or organic bases are more or less soluble in aqueous conditions and are suitabl 
for the preparation of gels destined for various uses, in the cosmetic and pharmaceutical fields and in the 

so medical-sanitary field in general. 

The autocross-linked products of the present invention may possess all the carboxy functions in the 
form of an inner ester, or only an aliquot part of the same. In these partial inner esters the percentage of 
"cross-finks* varies preferably between 1 and 60%. and especially betwe n 5 and 30% of the numcer of 
carboxy groups in the acidic polysaccharides. 

The new inner est rs of th pres nt invention have becom available becaus of th discovery of an 
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onc:nai cremicai crccac-re .vmcn s casec cn :r.e 2c::vaticr. :f :r*e carccxy crcucs cy the acc:::cn :r 
sucstancss cacac:e mcucrg sue." activation, ~he uns:ac:e :ntermeciate crccucrs zotamec -rzm xe 
acnvaiion reaction secarate scontanecusiy. either afier xe accmcn oi caiaiysis anacr following a ::se r, 
temcerature. forming the acove ment:onec inner es:sr cencs wan hycroxyis of the same or other 

5 poiysacc.iance mciecuie. Accorcing to tne cegree cf inner esterification cesirea. either all or an aiicuot car 
of :he carcoxy functions are activatea (the aiiquct pan :eing cotainea cy using an excess of activating 
suDstances or cy suitaole dosing methods). 

The carooxy groucs ;o ce converted into inner ester groucs can be activated starting from polysac- 
charides containing free carcoxy grouos. or. preferaoiy. from poiysaccnarices containing saiified carooxy 

to groups, for example metal salts, preferaoiy alkaline or alkaline earth metais. and above ail with quaternary 
amomum salts, such as those descried hereafter. Salts with organic bases such as amines can however 

aJsp_be used as starting substances. _ 

Methods for the activation of free or saiified carooxy grouos are per se known, particularly in the field of 
peptide synthesis, and those skilled in the an can easily determine - w"ntch method is the most suitaoie. 

is esoeciaily wnetner or not to use the starting substances ;n their free or saiified form. Activation metneas per 
se known for peptide synthesis procedures and useful in the preoaration procedures of the prasent 
invention are desenbed. for example, in Boaanszky. M.. In search of new metneas in peptide synthesis. Int. 
J. Peptide Protein Res. 25. 1985. 449-474; and Gross. E et al.. The Peotides. Analysis Synthesis. Biology. 
Academic Press. Inc., 1979. Vol. 1. Chaoter 2. According to such procedures, a carboxyl compen nt is 

20 activated, that is. a carboxyl component is converted to a reactive form. Such activation typically involves a 
reaction between an acid and an activating agent according to the scheme: 
11 

R-COOH-R- C-X, 

wherein X is an electron withdrawing moiety. Most activated derivatives of carfcoxylic acids, therefor . are 

25 mixed anhydrides, including in the broad sense also acid azides and acid chtondes which can be 
considered mixed anhydrides of hydrazoic acid and HC t as the activating agents, tn addition, activation of a 
carboxyl component can be accomplished by the formation of intermediate "activated esters". These 
"activated esters" can be of various types, but particularly useful "activated esters" are those preparea by 
use of dic/ctohexylcarbodiimide. p-nitrophenyl esters, trichlorophenyl esters, pentachlorophenyl esters, and 

:o O-acyi derivatives of hydroxy (amines, particularly esters of N-hydroxysuccinimide. 

All of these various types of activation procedures are useful in the preparation of the cross-linked 
carboxy polysaccharides of the invention, as all of these procedures can be characterized as importantly 
involving the reaction of a carboxyl group with an activating agent which essentially results in the formation 
of a substituent group that is easily reactive with a hydroxy! grouo so as to easily form the inn r ester 

35 bonding cnaractenstic of the products of the invention, the number of carboxy functions to be converted into 
inner esters is in proportion to the number of activated carboxy functions and this number depends on the 
Quality of the activating agent used. In order to obtain tctal inner esters therefore, an excess of activating 
agents should be used, while in the case of partial esters, the quantity of this agent should b dosea 
according to the degree of esterification desired. 

*o The carboxy groups which are still free or saiified after the cross-linking reaction according to the 
present invention can be exchanged in order to obtain opportune salts or can be stenfied with the 
aoovementicned monovalent or polyvalent alcohols thus obtaining mixed esters, partly cross-finked and 
partly externally estenfiecL Of course, partial esterification with alcohols can be effected before activation of 
part of the carboxy groups and subsequent conversion into inner esters, that is. the abovementioned 

^5 polysaccharide esters can be used as starting substances. 

The new procedure for preparation of cross-linked polysaccharides is therefore characterized by 
treating a polysaccharide, having free or saiified carcoxy groups and possibly also carboxy groups 
esterified with mono* or polyvalent alcohols, with an agent which activates the carboxy function, possibly in 
the presence of an auxiliary agent favouring the formation of intermediate activated derivatives ana/or a 

so tertiary organic or inorganic base, exposing the mixture to heating or irradiation (particularly with UV light) 
and. if desired, esterification with mono- or polyvalent alcohols of the carboxy groups still free or saiified in 
the polysaccharides thus obtained, and if desired, by saiifying free carboxy groups or by freeing saiified 
. carboxy groups. Of the substances able to activate the carboxy group, the conventional ones described in 
literature can be used, for example those usually used in the synthesis of peptides, except howev r those 

55 which would have the effect of altenng or destroying the molecular structure of the starting polysaccharide, 
such as thos used for the formation of carboxyl halides. Preferred substances which lead to the formation 
of activated esters are thos . such as. carbodiimiaes, dicyclohexyicarbodiimide. benzyWsoprooyfcar- 
bodiimmtde. benzyl-ethyhcarbodiimrntde; ethoxy acetylene: Woodward's reagent (N-ethyi-5- 
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pnenynsoxazoiium-3 -sulfonate), cr naicgen cenvar.es Eiicraric. r/cioancnatic or arc-?, a;;: -vcr::a:- 
bens, or from heterocyclic comccuncs with naiccen -race -r.co.e cy tne oreserce of one or mere ac::va::.-.g 
grouos. sucn as chioroacetomtr/l arc escecaily :r.a saits :f 2<r:crc--N-aikypyncine. sue- as :?.;cr:ce : f > I- 
cnicro-N-metnyl-pyriCine or otner aikyi certvatives .vun :nrencr =;kyl grouos. sucr. as :rxse .v:;rs jc :: 5 
5 caroon atoms, in the place of cnlcnce aenvatives. ctr.er ha:cgen derivatives can of course oe usee. sucr. as 
bromide derivatives. 

This activation reaction can be carried out in organic solvents, especially aorotic solvents sucn as 
dialkylsuifoxides. dialkyicarboxytamides. such as in parrcuiar lower aikyl dialkylsuifoxides. sarticu;ariy 
dimethylsulfoxide. polymethylene sulfoxides, such as tetramethyiene sulfoxide, diaikyis or poiymetny:ere 

jo sulfones. such as tetramethyiene suifone. suifolane and lower alkyi oiaikyiamides of lower alipnatic aces in 
which the aikyl grouos have a maximum of six caxcon. atoms, sucn as dimethyl or aiethyl formamice or 

- dimethyl or diethyl acetamide.-Other solvents-may- also- be usee, however., ana these. need_oot. always r.e_ 
aprotic. such as alcohols, etners. ketones, esters, such as iower aiiphanc diaikyioxyhyorocarCides. sucr. as 
dimethoxyethane and especially alionatic or heterocyclic ajcohois and ketones with a low toiling point, sucn 

rs as lower N-alkyl-pyrroiidones. such as N-methyipyrroiidcne or N-ethyl-pyrrolidone. hexarluoroisoorooanoi 
and trifluoroethanol. If halogen derivatives are used as carboxyi-activaung substances, especially m th form 
of sails, such as the above mentioned 2<hioro-N-methylpyncinium chloride, it is better to use a metal sait 
or a salt of the organic base of the starting poiysacchande. escecaily one of the quaternary ammonium 
salts described hereafter, such as tetraoutyt ammcnium salt. Tr.ese salts have the special advantage of 

20 being very soluble in the abovesaid organic solvents :n which the crossiinking reaction is best effected, :hus 
guaranteeing an excellent yield. It is advisable to acd to the mixture a substance capable of subtracting 
acid, such as organic bases, carbonates, bicarbonates or alkaline or alkaline earth acetates, or organic 
bases and especially tertiary bases such as pyricine and its hcmoicgues. such as coiiidine. or aliphatic 
amine bases, such as triethylamine or N-methyl-piperazine. 

25 The use of quaternary ammonium salts represents a particular/ advantageous procedure of the present 
invention and constitutes one of its main objectives. Such ammonium salts are well known and are prepared 
in the same way as other known saits. They derive from aikyls having preferably between 1 and 6 carbon 
atoms. It is preferable to use tetrabutyl ammonium salts. One variation in the procedure of the present 
invention in which quaternary ammonium salts are used, consists in reacting an alkaline salt, for exarr.pie 

30 sodium or potassium salt, in the presence of catalyzing quanoty of a quaternary ammonium sait such as 
* tetrabutylammonium iodide. 

The substances which catalyze activation of the carboxy grouos to be added to the activating agents 
are reported in literature and these too are preferably bases sucn as those mentioned previously. Thus, for 
example, when the carboxy groups are activatea with isothiazoiine salts it is preferable to aad some 

35 triethylamine to the reaction mixture. 

The reaction of formation of activated intermediates! such as and especially esters, is earned out at the 
temperature recommended in literature and this temperature can however be varied should circumstances 
require as can be easily determined by one skilled in the art. The formation of inner ester bones can come 
about within a fairly wide temperature range, for example oetween 0° and 150°. preferably room temcera- 

40 ture or slightly above, for example between 20° and 75°. Raising me temperature favours me formation of 
inner ester bonds, as does exposure to radiations of suitable wavelength, such as ultraviolet rays. 

In me produced polysaccharide crosslinked products, those remaining free carboxy groups or thos m 
me form of salts can be partially or totally esterified with mono-cr polyvalent alcohols, thus obtaining esters 
mixed with bonds which are in part internal and in part external. The alcohols used for mis estenficauon 

*s corresoond to those dealt with hereafter and from which me new mixed esters of me present invention are 
derived. 

For esterification of me free or salified carooxy groups, known, conventional methods may be used, 
such as reaction between a carboxy salt such as sodium salt and an etherirying agent or me alcohois 
themselves in the presence of catalyzing substances, such as acid-type ion-exchangers. The known 

so etherifying agents described in literature can be used, such as especially me esters of various inorganic 
acids or organic sulfonic acids, such as hydrogen acids, mat is me hydrocarbyl halides such as methyl or 
ethyl iodide or neutral sulfates or hydrocarbyl acids, sulfites, carbonates, silicates, phosphites or hydrocar- 
byl sulpnonates. such as methyk benzo-. or p-toluolsuifonate or methyl or ethyl chloro sulfonate. The 
reaction can take place in a suitable solvent such as an alcohol, preferably me one corresponding to me 

55 aikyl group to be introduced into me carooxy grcuo. but also nonpolar solvents such as ketones, ethers 
such as dioxan or aprotic solvents, such as dimemyisulfoxide. As a base, it is possibl to use for example 
an alkaline or 'alkaline earth metal hydrate or magnesium or siiver oxide or a basic salt of one of these 
metals, such as a carbonate and. of me organic bases, a tertiary nitrogenous base, such as pyndine or 
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::;;ic:r.e. :ns:eac :f~:r.e case .t s a:so ccsi:c:e :z -se = cas:c :"-r'.:.":-:er. .v^=- -:=:::rc 'rem i£.:3 :: 
ran.ai :ciysacc"ar:c3 esters. :rese may =:sc ce =~rr.c~iurr. £=::;. SLcr. as am. t.c m or ;ucs:::i:ec 
am rr.cn -jm saits. 

Acccrcing :o cne cremicaily :rtg:nai crccecure zescr.cea :n re ==c*/esaic z-jrzcezn catenr accitca::cn 

i No. £5205222.3. the external esters can ze sCvamagecusiy pre car ec zy starting -vnr. ccatemary ammonium, 
saits vvun an etnenfying agent m an aorotic soivent. sucn as cia:kyisuifcx:ces. ciaikyicarccxylamices, sucr. 
as m particular lower aikyl ciatkyisuifoxices with a maximum or o careen atcms. particularly aimetnyfsuifox- 
iae. ana me lower aikyl aiaikyiamides or tower aiipnatic ac:as. sucn as dimetnyl or ciemyi formamice :r 
dimethyl or dieinyl acetamiae. Reaction sncutd be effected preferady within a temcerature range zi 

10 between about 25 3 and 75 s . for example at about 20°. Estenfication is effected prereraoiy by gracuaiiy 
adding tne ethenfying agent to the aoovesaid ammonium salt dissolved m one of the solvents mentionec. 
~ ~" for examole m oimethylsuifoxide: " ' * " 

As alkylating agents it is possible to use those mentioned acove. esoecially the aikyl halogens. As 
starting ammonium saits it is prereraole to use lower ammonium tetraatkylates. since aikyi grouos have 

'5 preferaoly between t and 6 caroon atoms. It is best to use tetraoutyl ammonium sait. These ouaternary 
ammonium salts can be preoarea by reaenng a metal salt of tne acdic polysaccharide, in pan internally 
estenfied. preferaoly one of those mentioned aoove. especially sodium or potassium salt, m aaueous 
soluncn with a saiified sulfonic resin with a quaternary ammonium base. The tetraJkyl ammonium base of 
the polysaccharide ester can be obtained by freeze-orying the eluate. These starting salts are solubl m the 
^ 20 above aprgtic solve nts, so that estenfication according to this procedure is particularly easy and provides 
good yields. It is therefore only by following this procedure that the number of carboxy groups to be 
"esterified can be exactly dosed. 

One variation of this procedure consists in reacting potassium or sodium salt, susoended in a suitable 
solvent, such as dimethyisulfoxide. with a suitable alkylating agent in the presence of a catalyzing quantity 

25 of a quaternary ammonium salt such as tetrabutyl ammonium iodide. 

In the inner esters obtained according to the new procedure, the carboxy grouos still left intact can ce 
saiified with organic or inorganic bases. The choice of bases for the formation of such salts is based on the 
intenced use of the proouct. The inorganic salts are preferably those of alkaline metals, such as sodium cr 
potassium salts or ammonium salts, cesium salts, salts of aikaline earth metals, such as calc:um. 

zo magnesium or aluminum. 

The salts of organic bases are especially those of aliphatic, a/aliphatic, cycto aliphatic or heterocyclic 
amines. The ammonium saits of this type may denve from theraoeutically acceptable, but inactive, amines, 
or from amines with a theraoeutic action. Of the former, soecial consideration should be given to aliphatic 
amines, for example, mono, di and trialkylamines. with aikyl groups with a maximum of 18 carbon atoms, or 

35 arylalkylamtnes with the same number of carbon atoms in the aliphatic pan and where aryt means a 
benzene group possibly suosututed by between 1 and 3 hydroxy grouos. As therapeutically acc ptabie 
amines, but not active in themselves, cyclic amines are very suitacie. sucn as alkylene amines with rings of 
between 4 ana 6 ca/oon atoms, possibly interrupted in the ring by he tero atoms, such as oxygen, sulonur 
and nitrogen, such as pioendine. morpnoiine or piperazine. or may be substituted for example by amino or 

«o hydroxy functions, as in the case of aminoethanot. ethylene diamine or choline. 

Should the crosslinked poiysaccnandes of the present invention be intended for pharmacological ana 
therapeutic uses, their vehicling functions can be put to good use (as explained hereafter) for therapeutically 
active amines, preparing me saits of sucn amines. These saits can therefore derive from all basic 
nitrogenous drugs, such as those of the following groups: alkaloids, peptides, phenotniazines. ben- 

*s zodiazepines. thioxanthenes, hormones, vitamins, anticonvulsants, antipsychotics, antiemetics, anesth ocs. 
hypnotics, anorexigenics. tranquilizers, muscle relaxants, coronary vasodilators, antineoplastics, antibi tics, 
antibacteriais. anbvtrais, antimalarials, carbonic anhydrase inhibitors, nonsteroid antiinflammatory agents, 
vasoconstrictors, cholinergic agonists, cholinergic antagonists, adrenergic agonists, adrenergic antagonists, 
narcotic antagonists. 

so The salts can be prepared in a manner per se known in the art for example by treating the crosslinked 
polysaccharide having a certain number onree"carboxy functions, with the calculated quantity of base. 
However, salts can also be formed by double exchange: for example it is possible to obtain alkaline saits. 
such as sodium salt treating a solution of quaternary ammonium salt of the crosslinked polysaccharide 
and/or partially estenfied. with an aqueous solution of alkaline chloride, and isolating the alkaline sait 

55 present for example by precipitation with a suitable solvent such as a ketone, for example with acetone. 

The cross*iinked polysaccharides of the present invention may use. as starting substrate, any natural or 
synthetic poiysacchande substituted by carooxy groups, such as m se corresponding to the abov starting 
matenals for the procedure of the invention. The inv noon especially concerns cross-linked acidic poiysac- 
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cnarces cenvea frcm hyaluronic acd. from aig:r.ic £CO. "'rem :arccxyr7e:r.y-.cs::u:cse. s rzrr. :e:ccx- 
yme:nyi amice ana frcm carcoxymetnyicnmn. 

Hyaiurontc acid cenvauves are of maior imccrtarce ccncarec to cenvacves zi ::r.er series, z.e :: :re 
cioicgxai origin of ;he starting suostrate. whicn permits ;r.e *ew crcssiir.Kec sucsiances :z ze -sac n 

s pharmaceutics, surgery and medicine in general. 

The substrate of hyaluronic ac;d can be of any origin, sucn as acids extracted frcm the acc-e -tazurai 
starring matenais. for example from cocks* combs. The preoarauon of these ac:cs ;s cescrxec :n i:era:ure: 
preferably, purified hyaluronic acids should be used. According :o the invention, it is preferacie :c use 
hyaluronic acids constituting molecular fractions of the integral acids obtained dirac:iy by extraction of 

io organic materials with a wide range of molecular weights, for exampie between 50% -30% and 0.2% zi the 
molecular weight of the integral acid, preferaoly between 5% and 0.2%. These fractions can te cctained by 
various procedures described in literature, and that is with hycrolyzing. oxiciz:ng or enzymatic cr.ermcai 
agents or physical procedures, for example mechanical or irradiation procedures, and often curing :ne same 
purification procedures, pnmordial extracts may be formed. Separation ana Purification cf the rnciecuiar 

/s fractions obtained comes aoout by means of known tecnniques. sucn as by mc:ecuiar filtration. One cunried 
HY fraction suitable to be used according to the invention is for examoie the one known as 
•noninflammatory-NlF-NaHA sodium hyaluronate". described by 8aia2S in the pamphlet "Heaion* • A guide 
to its use in Ophthalmic Surgery • 0. Miller & R. Stegmann, eds. Jonn Wiley 4 Sons N.Y 81983: 3.5. 

Also particularly important as starting materials for the esters of the present invention are two purified 

20 fractions which can be obtained from hyaluronic acid, for example the one extracted from cccxs' ccmcs. 
known by the names of "Hyalastine" and "Hyalectin". The fraction Hyalastine has an average molecular 
weight of about 50.000 to 100,000 while the fraction Hyaiectin has an average molecular weight cf about 
500.000 to 730.000. One combined fraction of these two fractions has also been isolated and characterized 
as having an average molecular weight of between about 250.000 and accut 350.000. This combined 

25 fraction can be obtained with a yield of 80% of the total hyaluronic acid avaiiaole in the particular staning 
material, while the fraction Hyaiectin can be obtained with a yield of 30% and the fraction Hyaiastine with a 
yield of 50% of the starting HY. The preparation of these fractions is descnced in the aoove-mentioned 
European patent publication No. 0138572A3. 

The aigimc acid to be used to prepare new derivatives may be obtained by extraction from various 

30 natural matenais. especially from brown algae (Phaecophyceae). The polysaccharide is constituted by 
chains of O-mannuronic acid and L-guluronic acid. The molecular weight is very vaned. deoending on its 
origin and can be. for instance, between 30.000 and 200.000. It depends not only on the type cf alga used, 
but also on the season in which it was gathered, on the origin and age of the plant. The main speces of 
brown algae used to obtain alginic acid are for example Macrccysos pyrifera. lamtnana Ccustcm. 

as Laminana hyperborea. Laminaria Rexicaulis. Laminaria digitata. Ascophyllum nodosum and Fucjs serratus. 
Alginic acid is found in these algae as a diffuse component of the ceil walls in the form of a mixture of its 
various alkaline salts, among which features esoecially sodium salt, a mixture known also as aigin. These 
salts are normally extracted in aqueous conditions with a solution of sodium carconate and from this extract 
alginic acid can be obtained directly by precipitation with an acid, for example a mineral acd such as 

40 hydrochloric acid, or indirectly by first making insoluble calcium salt 

Alginic acid or alkaline alginates can however by obtained by microbiological methods, for examoie by 
fermentation with Pseudomonas aeruginosa or Pseudomonas putida. Pseudomonas ftucrescens or 
Pseudomonas mendocina mutants. Preparation of the various types of alginic acid is described in literature. 
For the purposes of the present invention, purified alginic acids should be used. 

43 Carboxymethyl-derivatives of cellulose, starch and chitin are also useful in the present inv nticn and 
have also been amply described in literature. Apart from carboxy pofysaccharices themselves, it is possibi 
to use their partial esters with mono or polyvalent alcohols as staning matenais for the preparation of th 
new cross-linked products of the invention. 

In the cross-linked polysaccharides of the invention which also have cartoxy functions esterified with 

so monovalent or polyvalent alcohols, whether these functions be present in the starting materials of the above 
mentioned procedure, or whether they be introduced at the end of the procedure, the alcohols may belong 
to the aliphatic, araliphatic. alicydic or heterocyclic series. 

The following description concerns the overall view of the above useful alcohols, on the understanding 
that the various groups and single compounds should be chosen on the basis cf the particular poiysaccha- 

S3 ride substrates and th ir uses, as illustrated b tow. Thus, for example, on skilled in the art will know wnich 
alcohols are to be chosen for the cross-linked products intended for theraceutic and sanitary uses and 
which others ar mor suitable for the cross-linked products for use in the alimentary field or in the perfume 
industry or in the fields of r sins and textiles. 
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Aiccr.cis zi T.e ancnauc series icr jse as er.e^rying zz~zzr.er:s =re ,'cr exarrcie xcse -v;tr = 
mixinum of 34 carcon atcms. *mcn can re saturate or -r.sa^ra'.ec arc wmcn can rcssiciy a:sc ;e 
sucstitutea by omer fre functional or functionally mccifiec orcucs. sucn as ammo, nycroxyi. ajceryco. 
keto. x.ercaoto. carccxy grcuos or by grcuos Cenvtng frcm -r.ese. sucn as hycrccarcyt or oihycrocar- 

5 byiamino grcuos (here ana hereafter meaning oy tr.e term hycrccarcyt" .^ct onty monovalent racicais zi 
cartrcnydrates for examcte type C„H 2n .,'. out also civaient or tnvaient racicais. such as "alkyienes" C„H 2 ., 
or "alkytiaenesA C,H 2ll ). ether or ester grcuos. acstai or ketal groups, thicetner or thioester grouos. ar.c 
estenfied carcoxy grouos or caroamiaic and substituted carcarmcic grcuos oy one or two nycrccarbyl 
grouos. by nitriie grouos or halogens. Of the aoove grouos containing hycrocaroyl racicais. these sncutd 

;o preferably be infenor aliphatic radicals, sucn as aikyiic. with a maximum of 5 carbon atcms. Such alccnois 
may then be mterupted irMhe £arbon _a_tom chain byjieteroatoms. such as_atoms of oxygen, nitrogen and 
sulfur. 

It is preferable to choose alcohols substituted with one or two of the adovesaid functional grcuos. 
Alcohols of the above group to be preferred for the purposes of the present invention are those with a 

:s maximum of 12 and especially 6 carbon atoms and in wnicn tne hydrccaroyi radicals m the aoovesaia 
ammo, etner.ester. thioether. thicester. acetai. xetal groups represent alkyi grouos with a maximum of * 
carbon atoms, and also in the estenfied carboxy grcuos or substituted carbamidic groups or hydrccaroyi 
groups are aikyis with the same number of carbon atoms, and m which tne amino or caroamidic groups 
may be alkyiene amine or aikylene carbamidic groups with a maximum of 8 caroon atoms. Of these 

20 alcohols special mention should be given :o those which are saturated and unsubstituted sucn as methyl, 
ethyl, propyl, isopropyl alcohols, n-butyl alcohol, isobutyl alconol. ten-butyi alcohol, amy! alcohols, pentyl. 
hexyi. octyl. nonyl and dodecyl alcohols and above all those with a linear chain, such as n-octyl and n- 
dodecyl alcohols. Of the substitued alcohols of this group, the foilwing snould be mentioned: bivalent 
alcohols sucn as ethylene glycol, propylene glycol, butyiene glycol, trivaient alcohols such as glycerin. 

25 aldehyde alcohols such as tartronic alcohol, carboxy alcohols such as lactic acids, for example glycclic 
acid, malic acid, tartaric acids, citric acid, aminoalcohots. such as ammoethanol. aminopropanol. n- 
aminopropanol. n-ammobutanol and their cimethyl and diethyl derivatives in the amine function, cr.ciine. 
pyrroiidinylethanol. piperidinyletnanol. piperazinylethanol and the corresponding derivatives of n-propyi or n- 
butyi alcohols, monotnioethyieneglycol and its alkyi derivatives, for example the ethyl denvative m the 

zo mercapto function. 

Of the higner aliphatic saturated alcohols, the following should be given as examples: cetyl alcohol and 
myricyl alcohol, but of special importance for the purposes of the present invention are the higner 
unsaturated alcohols with one or two- double bonds, such as expecially those contained in many essential 
oils and having affinity with terpenes. such as citroneiioi. geranioi. nerol. nerotidol. linalool. fame sol. cnytoi. 

35 Of the lower unsaturated alcohols, the ones to be considered are allyl alcohol and prooargyl alcohol. 

Of the araiipnatic alcohols, special mention shouid be give to those with only one benzene residue and 
in which the alipnatic chain has a maximum of 4. carbon atoms and in which the benzene residue may be 
substituted by between 1 and 3 methyl or hydroxy groups or by halogen atoms, esoeciaily by chionne. 
bromine, iodine, and in which the aliphatic chain may be substituted by one or more functions chosen from 

<*o the groups comonsing free amino groups or mono or dimethyl groups or by pyrrolidine or pipencine 
groups. Of these alcohols special mention should be given to benzyl alcohol and phenethyl alcohol. ? 

Alcohols of the cycioaliphatic or aliphatic cycioaliphatic series may derive from mono or polycyciic 
carbohydrates, may preferably have a maximum of 34 carbon atoms, may be unsubstituted and may 
contain one or more substituents. such as those mentioned above for the aliphatic alcohols. Of the alcohols 

-«s denved from single-ringed cyclic carbohydrates, soecial mention should be given to those with a maximum 
of 12 carbon atoms, the rings having preferably between 5 and 7 carbon atoms, which may be substituted 
for example by between one and three lower alkyi groups, such as methyl, ethyl, propyl, or is propyl 
groups. As alcohols specific to this group, cyciohexanol. cyctohexanediol. 1.2.3 cyclohexanetriol and 1.3.5 
cyclohexanetnol (phlorogiucitol). inositol, should be mentioned, as well as the alcohols deriving from p- 

so menthane, such as carvomenthol. menthol, a and y terpmeol. 1 -terpinenol. 4-terpinenol and piperitol. or the 
mixture of these alcohols as "terpmeor. 1.4-and 1,8-terpin. Of the alcohols deriving from carbohydrates 
with condensed rings, for example those of the thujane. pinane or camphane group, useful also are thujanoi. 
sabinol. pinol hydrate. 0 and L-bomeol and 0 and l-isoborneol. 

Aliphatic-cycloaiiphatic polycyciic alcohols to be used for the esters of the present invention are sterols. 

55 chofic acids and steroids, such as the sexual hormones ana their synthetic analogues, and in particular 
corticosteroids and their derivatives. Thus it is possible to use for example: cholesterol, dihydrocholesterct. 
epidihydrocnolesteroi. coprostanol. epicoprostanoi. sitosterol, stigmasteroi. ergosterol. choiic acid, deox* 
ycholic acd, Whocnolic acid, estriol. estradiol, equilemn, equilin and their alkyi derivativ s. as well as the 
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etnynyi cr srcoynyl cenvatives m qcsmcn ;7. 'cr *x*-z:e ' 7-3-*rryry»*-S5:r2C:ci :r "-a-'-etnyt-i 7- a 
ethynyi-estracicl. ?regnencicne. pregrar.ecici. :es::s;erc.~e arc ;s rer.-va^ves. 5„c" =s ;:. 3 ^.e:-v;. 
:estosiercne. i .2-cenycrctestosreror.e ana :7-a-me:ryi-i.2.-:er.yc::tes;cs:ersr.e. aikvnyi relatives =n scsi- 
t:cn 17 cf ;esros;ercne anc i .2-cenycrotes:cs:ercne. slct =5 JT-a-smynyitesiosrercre. i7-a-orccynyt- 
s testosterone, ncrgestrel. hyaroxyprcgesterone. ccncsstercre. cecxyccnccsrsrcne. iS-'-cresrcsiercr.e. :S- 
noM7-a-methyitestosterone ana l9-nor-i7-a-einynyitestcs;ercr.e. ccrascne. hycrcccnscre. srecmscre. 
prednisolone, fludrocortisone, dexamethasone. betamethasone, ^arametnaicne. Nurr.etrascne. fluccincicre. 
flupreanyiidene. ciocetasol. bectomethasone. aldosterone, aescxycerticcsterone. aifaxaxne. aifacclore. 
boiasterone. 

jo Useful esterifying components for the esters of the present invention are genius, (aglycons) of 
^cardioactive glycosides, sucn as digitoxigenin. gitoxigenin. digoxigenm. strocnantnicin. tigcgenin. sacomns. 

Other alcohols to'be'used accoraing to the invention' are vitamin alcohois sucn as axerccntnoi. vitamins" 
0: and Di. aneurtne. lactoflavine. ascoroic acid, nborlavine. diamine, pantothenic acd. 

Heterocyclic alcohols may be considered to be denvaoves of the acovesajd cyc:ca:ichatic or alienato- 
rs cycioaiiphatic alcohols, if their linear or cyclic chains are interrupted by one or mere, for exampie between 
one and three ethero atoms chosen from the group formea by - 0 - S • N and *NH ana in these there 
may be one or more unsaturated bonds for example double bonds, particuiary berween one and thr e, thus 
including also heterocyclic compounds with aromatic structures. The following are scecfic useful examples: 
furfuryl alcohol, alkaloids and derivatives such as atropine, scccciamme. cincnontne. cincr.cnidina. quinine. 
20 morphine, codeine, nalorphine. N-butylscopolammonium bromice. ajmaline; phenylecnylamines such as 
ephedrine. isoproterenol, epinephnne: phenothiazine drugs such as perphenazine, picothiazine. car- 
phenazine. homofenazine. acetophenazine. fluphenazine. N-hyaroxyethylpromethazine chloride: thioxan- 
thene drugs such as flupenthizol and ciopenthixoi; anticonvuisivants such as meprophenciol. anopsychotics 
such as opipramol; antiemetics such as oxypendil: analgesics sucn as carcetidine ana phenop ndine and 
25 methadol; hypnotics such as etodroxizine: anorexics such as fcenzhydrol and diphemethoxidine: miid 
tranquilizers such as hydroxyzine; muscle relaxants such as cinnamedrine. diphyiine. mepnenesm. 
methocarbamol, chlorphenesin. 2.2-diethyM ,3-propanediol. guaifenesin, idrocilamide; coronary vasodilators 
such as dipyridamole and oxyfedrine: adrenergic blockers such as propanoloi. timolol, pir.ccioi. buorancioi. 
atenolol, metoproiol. practolol: antineoplastics such as 6-azauridine. cytarabine. floxundine: antibiotics such 
20 as chloramphenicol, thiamphenicol. erythromycin, oleandomycin, lincomycin; antivirals such as idoxunaine; 
penpheral vasodilators such as isonicotinyl alcohof: carbonic anhyarase inhibitors sucn as sulccarbilate: 
antiasthmatics and antiinflammatories such as tiaramide: sulfamides such as 2-p-suifanyianilinoethanoi. 
While "inner- cross-linking of acid polysaccharides alone, without -external" estenfication of the carcoxy 
groups with alcohols of the aforesaid series, yields products wnicn present properties similar to thes of the 
starting procucts. but with the advantages mentioned previously, and may therefore be acciied .n ail th 
fields in which the latter are used: simultaneous "external" estenfication of the carcoxy grcups may prove 
useful in imparting to the polysacchande properties specific to the alcohols themselves. In this case the 
crosslinked products act as a vehicle for the properties of the alcohols and in this manner can b out to 
good use in the pharmaceutical and medical fields. Thus, it is possible to prepare drugs containing cross- 
linked products according to the invention and therapeutically active aiconols. such as these listed above. fc 
Medicaments of this kind mainly have a hyaluronic acid base but those based on the other polysaccharides ? 
mentioned can also be used. 

Salification, too. can have a double purpose, both in the manufacture of products in which the intnnsic 
properties of the basic polysacchandes are put to use. and in imparting to these the orccerties of the 
45 salifying bases, for example those with therapeutically active bases, for example those mentioned aoov . 

The vehicling of a drug with the new cross-linked produce can however also be achieved by th simoi 
addition (physical mixture ) of a drug and/or of a therapeutically active base to the polysaccnande. The 
present invention therefore also includes medicaments containing: 

1. a pharmacologically active substance or an association of pharmacologically active substances and 
so 2. a carrying vehicle comprising a cross-linked product of an acidic polysaccharide according to the 

invention 

Salts may be present in mixtures of this kind, should the following be chosen as comccnenc 
1) an organic base. Particulary important are associations of this type in which the comoonent 
55 2) is a cross-linked product having as its base hyaluronic acd or one of its esters. 

The abovesaid medicaments may be in solid form, for example as freeze-oried powders containing amy 
the two components 1) and 2) as a mixture or separat ly packed ana mis gaienic form is esp ciaily suitaoie 



3S 



40 



3 



S? 0 3J1 7i 

•cr xccai use. mceeo sucn meacamems .r. sec :n := r:a c: , - - , 

jc.uticr.s wn.cn are more or .ess concentrate: aescran; * a -at- - V '" " 

:re same charactens.es as the somt.cn, crev.ous.v ^carec n * f rc " * ' J "^.f , ^ 2rC ' VC " 

oresen, .nvennon. Sucn so.unons are oreferacly , c^ec la e ' ^„T" y ^I = ' " 

5 ccntain preferaciy no other snarmaceut.cai ven ic:e . The -snc-niraticrs -f ;' y - ,C ' CSlCc ' ^ lu:,crs 
for examp.e between 0.0, ana 75%. cotn for *e lo *"'' SrMCy - 

Preference should 5e g.ven ,o solutions of a cronouncea e.asnc t,scZ'-ZTZ . •" T, ' X,UfeS - 
from .0% t0 100% of me medicament or of each of me" o c^onerts " °' 5XamP " e C2ma ' n ' rS 

Paniculary important are medicaments of this -vn* « 

:o as solutions, eimer concentrated or dL«a l l T^ 'o Zl ""T™ ( ' ree;e - a " M * 
aux,„ary substances, such as par.cu.ar" ^ H^^^.^" °' * 

._.o E hthalm.c^sB_ba S edo^crosswinkedhyaiuronrca C -d ■ -- - " aC:m0 * S 6 - urfer or Clhers - ' cr - 

i- ^Jsr^TSs^ r; r,cation aeoenos r,rstiy ° n me procert ° s ^ « ■ * 

cases a, the apetc ap P caS UsuLwTh^^?" °, ^ W °' ' iP ° Dh " ia °' * 

•^eV^^^^ ^ an 4 or salified .im 

iS.i itrr ■ ,,,, ? !,,fl,, COma,n,n9 ^ 3,6 «^«~*«ly more 
PncMT import JZZ£Z£l£!Z! TV™ ^ " 10 *° «™"9 *"S«. 

^ : e o,o 109 l ^^srss: 2 *z ^srr^ w * ch - ^ 

inactive alcohols haveimoSS po,ysaccftanM - P°«.bly a.so estenfied wen merapeuucal.y 

.tseff. ,or ?™z^jz*£z: :r a ToV" ?Lf "v 0 " 50 ^ ,cr exampie hyai — «« 

« new cross,*** products w,m r e^l > CZ^JtS^™" "* ^ °' ir,e 

acson is greatly prolonged The ^armLo^H as compared to me free acd and to me esters. ,ts 
prcduca of hyLro„.c S are £Z£ ^V.T. ^ » eS,enfy Su " «m**m 
esceaaily saturated i^fj^ SSST.tT 1 3,00,10,5 W,,h 3 max,mum °' 8 carecn 
a I coho.orisobuJ?a.cZ ^ Pr ° Pyl a,C ° h0i - iS ° 0rOpyl a,c = ho1 - ""^'V' 

* of m? s : sss p P r u s ^"rs: r 3,9 r su,tat>,e far cosmeoc — • ° f *° — 

'orexampte saturated « ^unSu^Tt^r^ T° ^ m W* aU y alcoho.s. such as . 

a «ra,ght or ramS ^™„! »>T ' ^ eXamP ' 8 unsu0 «« ut ^ alcohols of this kind w«n ' 
*»ve • PWcSTSSS aTe a^'LT STT ' ^ 8 ^ at0ms ' sucn 35 ^» - "tioned 
« such a, J^JTZZTJS unSa,U ; ated a,cchols - ,or 8xam P'e -th one or more doub. bonos. 

denvabves S^^t^^i"S!!S ^ T » cyclohexane^d m ,r 

especially by memvT S^nS' , °^ P ' ° examp ' 6 ""^ w,m be,wec " ' ™* * carbon atoms 

- --co^ ^ — ° — « — .cany 

«n^^^Z°^, m9 r^ e °' CroS5 - finked based on hyaluronic acid for the manufacture of 

a«xvtTor^e!nSeS ^ °' ^ Pf0dUC8 -~ 

« useful « ^-**« tof ^ hr topica. use is panicu.ar, y 

eom lium . part,cular compaobility is noted between me new products and me corneal 

ZZl^JZSZS TTT "T*"' "° $eflS ' ti ^ C " erfe^Furthel^ ^hen S 

rm. ,t « p 0S »ble to obtain, on me corneal epithelium, homogenous and stable films when are 
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P er,c:.y transient and achenr.c. -n.cn guarantee crccncec ;««^J'^.=^ .^^j; 

L~xre csnsstwa excan m precarat.cns -.in a ratarc erfec:. Socr. «.rr.,c - 

:r.e vetennary «e,o. c=n S ,oe„no ,na, ,o ™«^«™?™™ n " J=s ,;c .c 
„ • 3le verennar/ specialities (or ccu.ar use cc-.tammg cnerr.ctnerc.eu..- „ s 

5 o trie y" a,ow Par.cu.ar condit.cns ,n wn.cn the treatment m.s: =e e*ec:ec. T^cr 

ex^Ce Is the case of infective keratccon.unctiv.tis. pink eye or .BK. an .n.ec.cn -ocn ma.n.y arfec.s 

"^ne^Sed neuronic products and poss.b.y medicaments of me type cescnceo acove 
The new cross « eo ' * aopliea .n other fields too. and markedly =n =ernatc ; cgy and 

,o which canon ^^°°^^ e m o utn . Fu nhermore. they can be used to cota.n a system, 
" IS'Srl T^^Z^oro^ for ^e^-^oo^r^^ acpUca.cns are~ 
„r ho m in humi an^vetennary medicine. In human mecicme the new mecicar.er.ts are canc-,,^ 

srirrs ^ — * * ny ° re * * ese mer2ceut,c 

f5 WP'J" 0 " 8 ; jnventjon UB pharmaC eutical preparations conta.n.ng me or more cross- 

Also ooiecs of ^ presen tme p associative medicaments contaming them as 

.inked ^J^^^,^^^^^ active substance =r substances, such 

mmmm 

L e n, ab r eX dPients or diluents, and which are suitab.e for the above uses being osmooca.ly compauble 

It^StSlSZ;. Z**, « ... c^-lin^ pro*,c= * c^= - »» »»„, can* 

makes them particularly suitable for the manufacture of "sprays . ar eferaolv 
The preparations of this invention can be administered to man or ammal. ^J^J^^ 
*™J* 0 0?~. and 10% of acove component for the solutions, sprays, o.ntments and creams and between 
!TS O^Va'd p^f^y between^,, and 50% of acnve compound for me > solid form , pre^arat^ 
Dosages to be administered wi,l depend on individual diagnoses, on the deseed ^^J^^ 

40 dosage of the same in the known pharmaceutical preparations. otoC edures by 

tL n r.a»ation of salts according to the invention can be earned out m per se <«jwn procedures. ey 

^ ^tSKST- on »at oftiie ^ 
may therefore be easHy determined by one skiHed in the art. t^ng LnnoAe 
recommended for corresponding known drugs. In the ^only used in 

cross-finked aodic polysaccharide products and th«r salts are Above al. creams, 

me art and are for example those already listed above for ^of its sa.ts can 

ontments. lotions for toptca. use are used, in which the ™ s ^ n ^*^£°J° P rinc,p:es. 
constitute «h active cosmetic principle, possibly w,m the addition f ^ rtea , m such 

such as for examp. sterols, for example pregnenolone or ^J^^jSL or are esten«ed 
polysacchandes. the carooxy groups not used m crcss-l.nk.ng are preferably free or sa. 
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n\\t\ cr.armaccicg:caily inactive aiccncis. -cr exarr.c:e ;rs :r :r,e ever aucr.atic 2icc-.c:s nentic.^ec 
previously. The ccsmetic anices can nowever a;so :cr.:a:n grcucs estenfiea witn s:ccnc:s *nicr. rave 
xemseives a cosmetic action cr an action wnicn .s auxtilary :o the same, sucn as :cr examcie cismfecran: 
sucsiancss. sunsmeics. watercrocring cr regenerating cr antiwnr.Kie sucstancss cr ocenfercus suostar.ces. 

5 esoeciaily cerrurr.es. Sucn sucstances may however aiso ce simoiy .r.ixed with me crcss-inxea poiysac- 
cr.ance. thus constituting ccsmetic ccmposiuons similar :o me mecicarr.ents previously cesc:iced m wmc.n 
the pharmaceuticaily active comconent 1) is substituted by a ccsmetcicgicai factor. Use of the cosmetic 
precautions of the present invention in the perfume inaustry represents a great step forward m teenntcues. 
since it allows stow, constant and protracted release of the ccorous privacies. 

io An important object of the present invention is constituted by sanitary and surgical articles, by their 
manufactunng methocs and by their use. These articles are for example similar to those aireacy ^ownar.^ 
commercially avaiiaoie or described in literature, for examcle those with a hyaluronic acid base, for example 
inserts or oonmaimic lenses. 

Surgical and sanitary articles of special importance are those which can be obtained from aoprccnare 

:s solutions of the cross-linked prcducts in organic liquids which are capaole of being made mto films, sheets 
and threads to be used in surgery as auxiliary or substitutive articles for the skin m cases of serious 
damage to this organ, such as burns, or as suture threads in surgery. The invention includes particularly 
these uses and a preparation procedure for these articles consisting in (a) forming a solution of the 
crosstinked polysaccharide or of one of its salts in an organic solvent: lb) making this solution into sneet or 

20 thread form: and (c) removing the organic solvent. 

Thejojmation of.jSLSOiutiorLjof the crosstinked polysaccharide or of one of its salts is conducted in a 
^suitable organic solvent, Tor example a ketone, an ester or an aprotic solvent such as an amide of a carboxy 
acid, especially a diaJkylamide or of an alipnatic acid with between 1 and 5 carbon atoms and deriving from 
aikyl groups with between 1 and 6 carbon atoms, and above all from an organic sulfoxide, that is a 

25 dialkylsulfoxide with aikyl grouos with a maximum of 6 carbon atoms, such as especially dimethylsulfoxice 

^ or diethylsulfoxide and also especially a fluorurate solvent with a low boiiing point, such as especially 
^ • hexafluoro-isoprcpanol. 

Removing the organic solvent (c) is conducted by contact with another organic or aqueous solvent 
which must be mixable with the first solvent and in which the polysaccnande ester is insoluble, especially a 

30 lower aliphatic alcohol, for example ethyl alcohol (wet spinning), or. should a solvent with a not too high 
boiling point be used to prepare the solution of the polysaccharide derivative, in removing this same solvent 
by dry spinning, that is with a gas current and especially with suitably heated nitrogen. Dry-wet spinning 
can also be used with excellent results. 

Particularly important are threads obtained with cross-linked products with a hyaluronic acid base, which 

js can be used for the preparation of lints for the medication of wounds and in surgery. The use of such lints 
has the soectal advantage of being biodegradable to hyaluronic acid in the organism, by means of naturally 
existing enzymes. If cross-linked products containing aiso ester groups are used, these should be chosen 
from among those deriving from therapeutically acceotabie alcohols, so that after enzymatic scission, aoan 
from hyaluronic acid, innocuous alcohols are also formed, such as ethyl alcohol. 

•tt In the preparation of the abovesaid sanitary and surgical articles, it is possible also to include to 
advantage plastibzing materials in order to improve their mechanical characteristics, such as in the case of 
threads, to improve their resistance to tangles. Such plasticizers may be for example alkaline saits of farty 
acids, for example sodium stearate. esters of organic acids with a high number of carbon atoms and the 
like. 

<s Another application of hyaluronic cross-linked products where their biodegradabiiity by esterases 
present in the organism is exploited, is represented by the preparation of capsules for subcutaneous 
implantation of medicaments or microcaosules by injection, for example by subcutaneous or intramuscular 
route. Up till now. for the application of subcutaneous medicaments designed to give slow releas and 
therefore a retard effect capsules made of silicon materials have been used, with the disadvantag that 

so such capsules tend to migrate within the organism with no possibility of recovering them. Clearly, with the 
new hyaluronic derivatives this danger has been eliminated. 

Of great importance is the preparation of microcapsules based on cross-linked hyaluronic products, 
eliminating the problems associated with their use. until now very limitated for the same reasons as those 
explained above and opening up a vast field of application wherever a retard effect by infective route is 

55 aesired. 

Another aoptication in th fields of medicin and surgery of the cross-linked hyaluronic products is 
repres nted by the preparation of vanous solid inserts such as plates, discs, sheets, and the like to replace 
those currently in use which are mad of metal or syntneoc plastic material, wherever these inserts are 
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:es:;r°c *cr -err.cvai after a zer.nn cer cc -'ecaraucrs *i;r. ar. inra; :;.:a;5r: - = «e. ze^- c*c:=:; 

;y nai^re. :rten r.ave unpleasant sice ejects £-cr, as .-nammation :r re;ec::cn. !n ;re case :r trrss-^rKrc 
-yaturcr:c crccucts. even mcugn :r.ev are ~ac= ::" amrai arc -ct .-.urn an r,ya;urcr:c ac:c. ;r.is car.ger zzn 
rot exts: as :nere is .^o mccmcaticiiity between :re coiy;accnar:ces 3f vancus aninai sceces. 

5 Arctner acciicaucn regarcs their *jse in increasing ana correcting ceiects .n ;ne soft tissues: :or a cr.g 
time r.cw mere has been an urgent call for sare ana effective ciomat-nais wun wmcn iq substitute ics; :r 
damaged son tissues. Many matenais have ceen usea sucn as paraffin, teiion paste, silicone and covir.e 
collagen to replace tost soft tissues. However, these materials were associated with ur.cesiraoie arc 
permanent cr.anges in the skin, with m situ migration of implants ana negauve reactions. For this reascn 

to mere is a constant call in mecicine for a versatile diomateriaJ. The cross-tinxed prccucts of hyaluronic acd 
may be safely usea to correct such defect of the soft tissues sucn as acre scars, postsurgical atrcpic 
irregularities. Moris' chemosurgery. lacerated scars of the lip ana ola-age wnnKles. 

Parr of the apoiicatfo'ns"in" the field's of medicine* ana "surgeFy of "the new" hyaluronic derivatives 
accorcing to the present invention are preparaaons mace of expancing matenai. esceciaJly in the form of 

rs sponges, for the medication of wounds or various lesions. 

The acove aopiications of the crosstlinkea procucis with a hyaluronic acd base represent the iceai 
solution for those sanitary and surgical articies which are intended to be introduced m one way or another 
into human or animal organisms or to be externally applied to the same. It is aiso possible however to maxe 
the same articles, using other cross-linked polysacchandes according to the invention, sucn as those 

20 mentioned above and especially those with an aigmic acid base. In the same way. too. the cross-linked 
products are broken down m the organism to give basic polysaccharides wmcn are generally weil tolerated 
by the organism with no danger of rejection. 

Of the cross-linked alginic acid products, special mention should be given to incustnal and household 
uses and articles and alimentary articles and their uses. These, especially in the form of cross-linked panial 

25 salts, possibly further esterified with inert alconols. such as especially lower aliphatic alcohols, for the 
preparation of gels, which can be widely used in the food industry, for the manufacture of ice-creams, 
puddings and many other kinds of sweet focas. Another property of these cross-linked products is their 
capacity for retaining water, because of which they can be used for example for the preservation of many 
frozen foods. A third property is their ability to emulsify and to stabilize emulsions. From this point cf view. 

30 too. the algtnic cross-linked products are important in the food inaustry. where they serve m the preparation 
of condiments and for the stabilization of many drinks such as beer and fruit ;uice. sauces and syrups. As 
emulsifiers. aiginic cross-linked products can be used in the manufacture of polishes, anti-foam agents, 
lactics and as stabilizers in the ceramics and detergent industnes. They can also be used in the paoer 
industry, to make adhesive products, in textile printing and dyeing. 

35 With regard to the physical, pharmacological and therapeutic properties, the substantial equivalence 
between the acidic polysacchance cross-iinxea products of the present invention, possibly estenfiea with 
the abovesaia alcohols, ana their salts, such as metai saits. it should be understood that the facts pr viousiy 
reported regaraing the nonsaiified products are true also of the salts. 

The present invention aiso includes modifications in the precaration procedure for the new cross-linked 

40 produce and their salts, in which a procedure is interrupted at any one stage or in which a procedure is 
begun with an intermediate compound and the remaining stages are earned out. or in which the starting 
products are formed in situ. 

The invention is illustrated by the following illustrative examples, without these in any way limiting its 
scope. 

45 

Example 1: 



SO PREPARATION OF CROSS-UNKED HYALURONIC ACID (HY) 

Product description: 

53 1% of carboxy groups used in internal estenficanon. 
99% of carooxy groups saiified with sodium. 

6.21 g of HY tetraoutylammonium sait with a molecular weight of 170.000 corresoonding to 10 mEq of a 
monomenc unit are solubilized in 248 ml of OMSO at 25'C. 0.01 g (0.1 mEcj of triethylamine are added 
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ir.c :ne resulting solution is aguatec 'zr 20 T.irures. 

A section zi 0.026 g (0.1 rr.Esj cr 2-:r.:crc--*'"e:rv: lyncsnum icr:ce n £0 -p.i :r Z MSG s 3:0*"/ 
=ccea zrco by crco over a time interval cr t ."-cur ire :ra mixture ;s Kect ; cr ?5 "Ours it 2C°C. 

A sciunon fcrmeo by t00 ml cf waier arc 2.5 gr ;f scaium :h!cr:ce :S ir.en accsc arc tr.e resulting 
5 mixture <s tr.en zourea stowiy mto 750 ml acsicne. .-r.ainiainir.g continual sgita^cn. A creccna:e :s fcrmea 
wnicn is then fiitereo ana wasnec :r.ree times witn :C0 mi cr acstcre .-wa:sr 5:1 arc T.ree :imes wun 100 mi 
of acetcne and lastly vacuum-drtea for 24 r.curs at 20°. 

3.97 grs of me title compound are ootair.ea. Quantitative ceterminancn of the ester grcucs is carnea cut 
according ro. the- sacontfication methoa cescncec cn cp 1 69-1 72 of "Quantitative Organic Analysis Via 
?o Functional Groups'* 4tn Ecition John Wiley ana Sons Plication. 



Example 2:- 



PREPARATION OF CROSS-LINKED HYALURONIC AGO fHY> 



ProduCftCe$aiption: 



5% of carboxy groups used in internal esterification. 
95%. of carboxy groups salified with sodium. 

6.21 g of HY tetrabutylammomum sait with a molecular weight of 35.000 corresponding to 10 mEq of a 
monomericunit are solubilized in 248 ml of OMSO at 25'C. 0.051 gr (0.5 mEq) of triethyiamme are aaaed 
2$ and the resulting solution is agitated for 30 minutes. 

A-spiution-of 0.128 gr (0.5 mca) of 2-chloro-i -methyl pyridinium iodide in 60 ml of OMSO is slowiy 
added" deep, by drop over a time interval of 1 hour and the mixture is kept for 15 hours at 30°C. 

A. solution .termed by 100 ml of water and 2.5 gr cf sodium chloride is then acced and the resulting 
mixture, is then poured slowly into 750 ml of acetone, maintaining continual agitation. A precipitate is formed 
jo which, is then filtered and washed three times in 100 mi of acetone- water 5:1 and three times with 1 00 ml of 
acetone and lastly vacuum-dried for 24 hours at 30°. 

3,95 grs of the title compound are obtained. Quantitative determination of the ester groups is carried out 
according to the saponification method desenbea on pp 169-172 of "Quantitative Organic Analysis Via 
Functional Groups'* 4th Edition Jonn Wiley and Sons Publication. 



Example 3: 



*0 PREPARATION OF CROSS-LINKED HYALURONIC ACD fHY) 



Product description: 

■*5 10% of carboxy groups used in internal esterification. 
90% of carboxy groups salified with sodium. 

6.21 g of HY tetrabutylammomum salt with a molecular weight of 620.000 corresponding to 10 mEq of a 
monomeric unit are solubilized in 248 ml of OMSO at 25*C. 0.101 gr (1.0 mEq) of triethylamine is added 
and the resulting solution is agitated for 30 minutes, 
so A-solution of 0.255 gr (1.0 mEq) of 2-chloro-l*methyl-pyridinium iodide in 60 ml of OMSO is slowly 
added drop-by drop over a time interval of 1 hour and the mixture is kept for 15 hours at 30°C. 

A solution formed by 100 ml of water and 2.5 gr of sodium chloride is then added and the resulting 
mixture is then poured slowly into 750 ml of acetone, maintaining continual agitation. A precipitate is formed 
which is then filtered and washed three times in 100 ml of acetone- water 5:1 and three times with 100 ml of 
55 acetone and lastly vacuum-dried for 24 hours at 30°. 

3.93 grs of the title compound are obtained. Quantitaave determination of the ester grouos is carried out 
according to the saponification method described on pp 169-172 of "Cuantitative Organic Analysis via 
Functi nal Groups* 4th Edition John Wiley and Sons Publication. 
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Example * 



PREPARATION OF CRCSc-UNKED HYALURONIC ACIO (HY) 



Prcduc: Cescncaon: 

25% 0/ carcoxy grouos used in internal estenfication. 
ro 75% of carooxy groucs saiified with scaium. 

6.21 g of HY tetraoutyiammonium salt with a molecular weight of 170.000 corresponding to 10 .-r.£a c: a 
_ monomenc unit are soludilized jn 248 ml of OMSO at 25°. 0.253 g (2.5 m£:) of tnethyiamme are acced and 
" the' resulting solution is agitated for 30 minutes. 

A solution of 0.639 g {2.5 m£qj of 2-chloro-l -methyl pyridinium iodide in 60 ml of OMSO :s SJCwiy 
ts added droo by droo over a time interval of 1 hour and the mixture is kept for 1 5 hours at 30°C. 

A solution formed by 1 00 ml of water and 2.5 gr of soaium chionae is then aacea and the resutsng 
mixture is then poured slowly into 750 ml of acetone, maintaining continual agitation. A precipitate is formed 
which is then filtered and washed three times in 100 ml of acetonemater 5:1 and three times with ICO ml of 
acetone and iasdy vacuum-dried for 24 hours at 30°. 
20 3.85 grs of the title compound are obtained. Quantitative determination of the ester groups is carnec cut 
accoraing to the saponification method descnbed on pp 169-172 of "Quantitative Organic Analysis Via 
Functional Groucs" 4th Edition John Wiley and Sons Publication. 



25 Example 5: 



PREPARATION OF CROSS-LINKED HYALURONIC ACID (HY) 

JO 

Product descnpoon: 

50% of cartoxy groucs used in internal estenfication. 
50% of cartoxy groups saiified with sodium, 
as 6.21 g of HY tetrabutyiammonium salt with a molecular weight of 85.000 corresponding to 10 *ncq cf a 
monomenc unit are solubiiized in 248 ml of OMSO at 25°. 0.506 g (5.0 m£q) of triethyiamine are accea ard 
the resulting solution is agitated for 30 minutes. 

A solution of 1.28 gr (5 mEo) of 2-chloro*l-methytpyridinium iodide in 60 ml of OMSO is slowiy acced 
drop by drop over a time interval of 1 hour and the mixture is kept for 15 hours at 30°C. 
40 A solution formed by 100 ml of water and 2.5 gr of sodium chlonde is then added and the resulting 
mixture is then poured slowly into 750 ml of acetone, maintaining continual agitation. A precipitate is formed 
which is then filtered and washed three times in 100 ml of acetona*water 5:1 and three times with 100 mi of 
acetone and lastly vacuum-dried for 24 hours at 30°. 

3.65 gr* of the title compound are detained. Quantitative determination of the ester groups is carried out 
<s according to the saponification method described on pp 169-172 of "Quantitative Organic Analysis Via 
Functional Grouos" 4th Edition John Wiley and Sons Publication. 



Example 6: 



PREPARATION OF CROSS-UNKEO HYALURONIC ACID (HY) 



55 Product descnpoon: 

75% of cartoxy groups used in internal estenfication. 
25% of carooxy groups saiified with sodium. 
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= ; of HY WMour/.imfficfl.t-rr. „„ - - r 
•crcnenc ani , are sciuc.,i«c ... 2 i 3 n, - ,« ' " e ' ?nt C ' 1 r::c 0 =2rr e « cr -.-„ .„ . . 

*• ?S ., tI „ s JCIU[)Cn „ ag , ;atsc ?Cf • 2;' ;^ « 0.759 ;f ,r 5 „ £= , 0 , !r ,;^- ^ ; -== * -: 
« solution of i.g 2 g r (75 ^ • «--»- *r.c 

sccea = , C0 oy ereo over 2 ,ine .merva. -f r^ 0 '*""™* =y«cin, um ccice n 30 -n, - MC - 
A so.ut.cn ;ome a o y , 00 rr, c , 'ate, J* ^ """ Ure ' S * ec < *' ! * *cur: " t " C - " $ 

Function*! ^w^'^^^Stftion. John -W^y ^ s !p^ ( ^ a ^*.'- 7 ^. °.' .*Su*JMative Cll^TS 

; 5 Examcie 7: 



.'0 



20 



25 



JO 



PR£?ARATTQN OF CHQSS-UNKED HYALURONIC 



ADO {HY) 



Product description: 



Example 8: 



so 



55 



40 ^ EPARAT1 Oil Of THE PARTIAL ETHYL SSTM hp r Q „ 

— — ^^Bti^H^S^ 

Product description; 

£S 25,4 * — -—a 



15 



10 



Examoie 9: 

n- - - PARTIAL ^HYL ESTE* OF CHOSS-UNKSD HYALURONIC ACQ (HY* 
P REPARATION Cp ?AR>1AL — " - — 

Product description: 



/5 



20 



~ rouDS -stenfieo -tn etnano, 25", of carooxy grouos usee : n interna, e^n^ 

agitated for 30 m.nutes. ,^M Of0 -i. methyl pyridinium iodide in 60 ml of OMSO « s.owy 

A so.ution of 0.639 g (2.5 mEq) fl 2-cWoro ' ™*^ y keQt (0f l5 hours a t 30-C. 
.Cded drop by drop over a time £ scaiu m chlonde is then added and the resumng 

A solution formed by 100 ml f^^^V^n.a.n.ng continual acUanon. A preop.tate -s formed 

£ ~ - * — 5:1 - mree limes 

out according to the method of R.H. Cund.fi and P ^^^ccorQmg w tneTacomficauon metr.cd 
jo and Sons Publication. 



Example 10: 



rj^vc* of m E2i EE Z 2SSi^»«!aHEiS!a 

Product description: 

me solution is kept tor 12 hours at 30°. 

A solution of 0.639 gr (2.S mEq) of 2^Woro-1-memy« PY h<jurs ^ 30 o C . 

added drop by drop over a time interva. oM hour maintainina continua. ag,u*cn. ; - 

* The resumng mixture is ««y *J *00 m. of acetone and .ast>y vacuum-dne, 
, precipitate is formed *mich.s filtered and washed five o 

,0f compound « o^ned^najon « ^^J^rcS-." 

,0 £ J5*. o. R.H. CundiK and PS. JJ^unas method deseed o 

^termination of the Ml *»" ^ * 

IS pp 169-172 of 'Quantitative Orgaroc Analysis Via Puncn 



PuQlication. 
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?*E?afat:cn Of C.=CSS-:.-NK=s ALZiruc a C ;0 
Prccuc: ceiciption: 



'S 



29 



' . of carooxy groups used in interna! esienficancn ag«i of car .„ 

*.17 g sf alg.nic acid tetraputyiammon.um sait <from"al QI n,l 1 1 * 9r ° UPS Sa,i " eo w,m socium - 
ccrrssponcxg ro .0 m£ q of a monomeric un.t ™JZ£S7*T "° m Uminaf,a "'/Percorea, 

of ,nemy.ar-,ne are added and me resulting Tj^TZl'ZZ 0 ' ^ " 25 ' ° 0, ° * <° ' 
-ir,E=,.o/.2<,.oro^metnyrpyri df n,um icdfce -nl ml ! ! f £sn V m,nut «,A sCu.ion of 0.02S g (0 
.nterval of , .our and me m,x, U re is *ep t for .5 h 0U rTa« 30'C ^ ^ ^ 3y 0rco ■ *«. 

A soluncn formed by 100 ml of water an* » « „ 7 
rmxture is men poured siow.y into 7 S0 m, of acetone mi^ST* " ^ the ™«"o 

wh-c ,s then fi„ered and washed mree t,mes i moo Z c a9 " a, '° n - A ° fec ' c " a,e IS *-ec 
acetone anc iastiy vacuum-dned for 24 hours a. 30» acs, °" e ""*er 5; , ano mree nmes w,m .00 mi of 

'•SO grs of me title compound are nht»o M « . . 
earned out according , 0 *eUol£^ - ™ -r groucs ,s 

Analys,s Via -uncona, Groups" 4th Edit/on John V^^J^^' 72 °' ' Q "™ a »- Organ, 
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Example 12: 

PREPARATION OF CP.QSS-UNKEQ ALGINIP arm 

;o Product description: 

S' 0 !^ 0 " 7 9r0U ° S US6d in intemal ««"ficanon. 
.5 . of carcoxy groups salified w.th sodium 

4 17 n rt# aim.*.. : _i . . 



J5 



<0 



' 3 — -«.m,cvj /run socium. 

Tsrr. in r s m r uao - is ~"™. 0 0M5 ° - 25 '- oosi • ™ — 

•am. m any «ownw««, i* » ^ " *i m ihrw mm , 00 „ 0 , 



so 
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Example 13: 

PREPARATION OF CggSS -MNKED ALGINIC A£in 
Produn description: 



W% of cartcxy groups used in intemal esterification. 
so of carecxy gro ups saiine<s ^ Jodjum 
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at !» 

E? o :ai r-i 

cerrwcccomc :o to mes c» a *cr.cr.«r,c im mm » 2*m, : f WttC « 25' : , 'I" : 2.5-5- 
ol tnetnv.am.ne are acaec *nc :r.e resctmg raw •« sctatea fcr 20 .™,«. . 

A so.ut.cn cf 0.255 g (..0 mSs, * 2-:r,crc- = -r.9tny, pync.n.um xcce .n ou m - 
accea crco cy crco over a time .mervai of : hew ir.c :r.e m.xture ,s Met :cr 1 5 r.ours .t 

A co ut-on .orrnea by .00 m. o> -ater ar.c 2.5 ;r :f sccium cnicnce « tren accec 
. . ,h.« rourefl s.owiv into 750 mi cf acatcne. ma.nta.ning cont.nua. agitation. A precede .s - ...eo 
ZZVZr^J^L.: mree times . 'CO m, c, acetones S: , ana tn.ee times -tn :C0 m, C 

acet r 9 e o a ;: "rr™«vr«. * - * « « 

accoromg i me saoon.fication method cescced on pp .69-172 of "Quanmauve Organ.c Ana.y.s v.a 
Functional Groups" 4tn Edition John Wiley and Sons Publication. 
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Example 14: 

PREPARATION OF CROSS-LINKED ALGINIC ACQ 



20 Product description: 

25% of carboxy groups used in internal esterification. 

75°'. of earboxv aroups salified with sodium. 

4 ,7 g of SnlAod tetra=uty.ammonium salt (from alginic acid obtainec |J^J£^ 
„ corresponding to 10 mEo. of a monomeric unit are soluoilized in 248 ml of OMSO at 25'. 0.253 gr (2.. mc-> 
of triethy.am.ne are added and me resulting solution is agitated for 30 <™utes. 

A solution of 0.639 g (2.5 mEq, of 2<h.oro-i -methyl pynd.n.um .od.de .n 60 ml oM 0MSO s.ow,y 
added drco bv drop over a time interval of i hour and the mixture is kept for 15 hours at -0 C. 

A soSon formed by 100 ml of water and 2.5 gr of sodium chloride is then added and me resulting 
- I I mT« enured slowly into 750 ml of acetone, maintain.ng continual agitation. A precp.tate .s tormad 
M :^V^ n^:^:^ th«e times in 100 n- of acetones 5:, and three times w,m ,00 m, =f 

according 3 to the saoon.fication memcd descnbed on PP 169-172 of 'Quantitative Organic Ana,y*s v.a 
35 Functional Groups" 4th Edition John Wiley and Sons Publication. 
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Example 15: 

PREPARATION OF CROSS-LINKEO ALGINIC ACID 

Product description: 

50% of carboxy groups used in internal esterification. 

acetone and finally vacuum-dried for 24 hours 30°. . ma estef erou0S is earned ou! 

,.72 grs of me title compound are obtained. ^^^ n ^^^Z Anaivs.s vu 
according to m saponification method descnbed on pp 169-172 of Quantitative organ 
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r ' rc:,cn£l Grcucs" -tr. £cit:on jcnn Wrev c-^ - 

wr.e/ ar.^ icrs --jcuczucn. 

Exanpie 16: 

5 

PREPARATION OF CROSS-LINKED ALGlNiT inn 
'0 Prccuct description: 

. . . if*°;;:? f ^ ... 

25 .. of carboxy groups saiified w.m sodium 

A solution of 1 932 a (7 s * ° ,s a 9'«ted for 30 minutes. ' 

added drop by droo overYtime J^J^^ST*™ *** * 6 ° "* °' ° MS0 * 

A solunon farmed Dy ,00 ml of water £ *T n , *"* " ' 0f ' 5 hours » 30»C. * 
-«ure ,s men P oured sLy into 7 0 Z^t^T™ '* « «,e resUfng 

wfe is then ,i,tered and wasned three ^^^5oTS2 e0n,,n,ll, a9 ' ,at,0n A PfeC,p ' ,at * * ^ 
of acetone and tatty vacuum-dried for 24 hours at 30» acW0BBN "«»' *« ™ three .irnes ,00 ml 

Funcaona. Groups' 4th Edition John Wiley and Sons PuWcatfon Qua ™ a « v e Organ* Anaiys.s v« 

Example 17: 

^REPARATION OF CROSS-UNKED ALGHVMT ^on 
Product description: 



^ Example 18: 



Product description: 

25% of carooxy groups esterified with ethanol. 
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25% of csrcoxy grcucs -sec .n -nierr.zi -5i:=::::cz::c*.. 
50% of carccxy grcuos sanfiec *un scciu.t.. 

4.17 gr zi algimc ac:d :e trace i y! amrr.cr.:ufr. sa* /rem a::-: ac:c rcairec ven Afeccnyiiurr. -cc:s^' 
corresooncing to 10 mEq of a mcnomenc unit are scuc.iizsc :r. 2-3 ml cr CMSO at *S'. ;r .<. 3 

of ethyi iccice are added ano the soiut.cn ,s <ezi ?cr '2 -curs ai 30° 0.253 gr (2.3 mEo :i :r.e:r.v:c.-r,re 
are aaded ano the solution is agitatea fcr 20 rr.:r.u:es. 

A solution of 0.639 gr (2.5 mEc) of 2<hicro-i -methyl pyncinium iooice m 50 ml of CMSO <s s;ow«y 
adced drop by droo over a time interval of i r.cur anc me mixture is '<ect for 15 hours at 30°C. 

A solution formed by 100 ml of water arc 2.5 gr of sccium cnionoe is then acdeo and :he resulting- 
mixture is then poured slowly into 750 ml of acetone whiie uncer constant agitation. A precipitate .s rcrmec 
wh.ch is then filtered ana washed three times with 100 ml of acetone,wacer_5:i and three times with iCO mi 
of acetone and lastly vacuum-dried for 24 hours at 30°. 

1 8 grs of the title compound Ire' cbtaine'e. "Quantitative determination of-the ethoxy -grcuos is earned 
out according to the method of R.H. Cunaiff and P.C. Marxunas (Anal. Chem. 33. i029-i 9 30 nS6n. 
Quantitative determination of the total ester groups is cameo out accoroing to the sacon.f.cation metr.ee 
described on pp 1 69-172 of "Quantitative Organic Analysis Via Functional Groups" 4th edition Jcnn Wiley 
and Sons Publication. • 



20 Example 19: 

PREPARATION OF THE PARTIAL ETHYL ESTER OF CROSS-LINKED ALG1N1C AOD 
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Product description: 



50% of carboxy groups estenfied with ethanoi. 
25 "o of carboxy groups used in internal esterincation. 
jo 25% of carboxy groups salified with sooium. 

4 17 g of alginic acid terbutylammonium salt (from alginic acid obtained from Laminana hyperooreal 
corresponding to 10 mEq of a monomeric unit are soiub.lized in 243 ml of DMSO at 25°. 0.78 gr (5.0 mt:) 
of ethyl iodide are added and the solution is kept for 12 hours at 30°. 0.253 g (2.5 mEq) of trietnyiam.ne are 
added and the solution is agitated for 30 minutes. 
35 A solution of 0.639 g (2.5 mEq) of 2-chicro-i -methyl pyndinium iodide in 60 ml of OMSO is siow.y 
added droo by drop over a time interval of i hour and the mixture is kept for 15 hours at 30°C. 

A solution formed by 100 ml of water and 2.5 gr of socium chloride is then added and the resulting 
mixture is then poured slowly into 750 ml of acetone, maintaining continual agitation. A preccitate is formec 
which is then filtered and washed three times with 100 ml of acetone/water 5:1 and three times w.tn 1C0 - 
4Q of acetone and lastly vacuum-dried for 24 hours at 30°. 

1 78 grs of the title compound are obtained. Quantitative determination of the ethoxy groups is earn* 
out according to the method of R.H. Cundiff and PC Marxunas (Anal. Chem. 33. 1028-1030 <*6t) 
Quantitative determination of the total ester groups is carried out according to the saponification metha 
desenbed on pp 169-172 of "Quantitative Organic Analysis Via Functional Groups" 4th Edition Jonn Wi* 
45 and Sons Publication. 



Example 20: 



PREPARATION OF THE ETHYL ESTER OF CROSS-LINKED ALGINIC ACID 



Product description: 



75% of carboxy groups estenfied with ethanoi. 
25% of carboxy croups used in internal es»nfication. 

4.17 g of atginic acid tetraoutylammomum salt (from alginic acid obtained from macrccystis pynfer 
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cr *tny, .ooce are accao arc :re SC :«acn s <ect ?cr : 2 .curs -T« V'^ - "1 ' ' ;r ' 5 ~ £: 
are iccec anc :re soiuiicn ,s aci:ateo .'cr 20 -.ruies. " ' r "' 5 '"^ :: " r,e: " y £ ~ " 5 

A solution of 0.539 c (2£ .t=-i -if 5 . „,„,„ 

accec croo 5y croc over^me ^ f"/™^^ " 1? SC « ~> 

■he resu.tmg .-n.xture , S s.ow, y Pcurea :flt0 750 m| flf ^ S ^ *»« « 2C°C. 
oreco.tate is fcrmeo wn.cn „ men , ilt erea anc was, eC :nree ^el Z co'2 T"*" A 
vacuum-aned for 24 hours at 30°. 00 ml °' 2 cs:one anc :as:: y 

1.36 grs or me title compouno are cotamed. Guant,tat.ve aet e rm,r a . IC n of „ 
out accorcng :o the memod of R.H. Cunc.rf ana P.C Marines UnT rs ,T'' Sr<X " CS * :2r ' :£:: 
Quancanve ceterm.nation of the tota, ester groups ., cameo out J~ r ? n ' - '° 29 - ,0:!0 nS5u - 
descnced on pp ,69-172 of ."Quanmafve Orgamc Anaivs.s Via func~c"n ai r „ ™ Sac f n "' cat,on ™«« 
ana Sons Puolication. ■ y 3 runc - cn a" Groups' Mh Edition Jcnn Wiley 



Example 21: 

PREPARATION OF CROSS-UNKEP CARB0XYME7HYLCHIT1N 

Product description: 

1". of carooxy groups used in internal esterification. 
99% of carboxy groups saiifiea with sodium. 



of acetone and finally vacuum dned SSZTu » ace »"*»<»er *, „ a mre9 „ mes Wlth l00 ml 

-S g ™^^ - ~ grouos ,s earned „ 

FuncM Groups" 4«h Edition John W,^£, S Pu^ln ° CUanti ' aUVe ^ AnaiyS!S 



Example 22: 



<5 



PBEPAHAT1QN OF CROSS-UNKEP CARBOXYMETHYLCHIT1N 
M Product description: 

5% of carboxy groups used in internal esterification 
35 of carboxy groups saJified with sodium 

* respond ,o T^T^^ZZ °' * ««»»«W«n ^ a 0.99 su.stitu.on rati c=r- 
"-J^i are JF^^SZ^ZSZ!? * ~ • (0 5 * - 

aaae.ctpTy arop o'verVdmeTn^T ?rr-'- me0,y ' Pyn<3in ' Um i0ai " in 60 " l of 0M SO is s^v 
rop oy arop over a time mterval of 1 hour and the mixture is kept tar , 5 hours at 30«C. 
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A soicticn 'crmea Dy *00 mi zi water ana 2 5 ;r zi ::c:un :r.icr:ce s :r.en =cce: ire -es;;.::nc 
fixture «s :ren ccurec stow.v mtc "30 tii of sce-gr. ; ne *n.ie <ect urcer constant ac::a::=r.. i :-?c:o:a:e -s 
termed wh.cn * men fiiterea anc wasneo :hree :irr.es w.;n :CC m. C r acsxre.-water 5.1 arc r.ree ::rr.es 
100 ml of acstcne ana lastly vac-um-cnec fcr 2- .-.curs at 20°. 

2 74 grs or the title ccmcounc are cotamed. Quantitative ce termination cf the ester grcucs s :arr:ea cut 
acccraing ;o the saoon.ficaticn metnoo cesenfcea :n ?p 1 69-72 of "Quantitative Organic Ar.&ysrs via 
Functional Grcucs" 4th Edition Jchn Wiley and Sens Pyolicaticn. 



to Examoie 23: 

PREPARATION OF CROSS-LINKED CARBOXYMETHYICHIT1N 



20 



25 



20 



Product description: 

10% of cartoxy groups used in internal esterification. 
90% of cartoxy groups salified with sodium. 

5 05 g of the tetrabutylammon.um salt of a cartoxymethyichitin with a 0.99 substitution ratio cor- 
responding to 10 mEq of carboxy groups, are soiufciiized in 248 ml of OMSO at 25°C. 0.101 g (1.0 mcqj of 
triethylamine are added and the resulting solution is agitated for 30 minutes. 

A solution of 0.255 g (1.0 mEq) of 2-chloro-i -methyl pyndinium iodide in 60 ml of DMSO is slowly 
added drop by drop over a time interval of 1 hour and the mixture is kept for 15 hours at 30°C. 

A solution formed by 100 ml of water and ZS gr of sodium chloride is added and the resulting m.xture 
is then poured slowly into 750 ml of acetone, maintaining continual agitation. A precipitate is formed whicn 
is then filtered and washed three times with 100 ml of acetone- water 5:1 and three times with 100 ml of 
acetone and lastly vacuum-dried for 24 hours at 30°. 

2 73 grs of the title compound are obtained. Quantitative determination of the ester groucs is earned out 
according to the saponification method described on pp 169-172 of 'Quantitative Organic Anaiysis Via 
Functional Groups" 4th Edition John Wiley and Sons Publication. 



Example 24: 

PREPARATION OF CROSS-LINKED CARBOXYMSTHYLCHIT1N 



40 Product description: 



25% of cartoxy groups used in internal esterification. 
75% of cartoxy groups saiified with sodium. 

5 05 gr of the tetrabutyiammonium salt of a carboxymethylchitin with a 0.99 substitution ratio cor 
45 responding to 10 mEa of cartoxy groups, are soiubilaed in 248 ml of DMSO at 25'C. 0.253 gr 2.5 mtq) c 
triethylamine are added and the resulting solution is agitated for 30 minutes. 

A solution of 0.639 gr (2.5 mEq) of 2-chloro-l -methyl pyndinium iodide in 60 ml of DMSO is slowi 
added drop by drop over a time interval of 1 hour and the mixture is kept for 15 hours at 30°C. 

A solution formed by 100 ml of water and 2.5 gr of sodium chloride is then added and the resultin 
so mixture is then poured slowly into 750 ml of acetone, maintaining continual agitation. A precipitate ts forme 
which is then filtered and washed three times with 100 ml of acetone/water 5:1 and three times with 100 n 
of acetone and lastly vacuum-dried for 24 hours at 30°. 

2.68 grs of the title compound are obtained. Quantitative determination of the ester groups is earned oi 
according to the saponification method described on pp 1 69-172 of -Quantitative Organic Analysis v. 
55 Functional Groups* 4th Edition John Wiley and Sons Publication. 



Example 25: 
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?'ccuc: cescnpacn: 



50% of carooxy grcucs usea in internal estenficaacn. 
50% of carcoxy grouos saiifiea with socium. 



, ^v^e are added and the J^ST^SS;^ « TO 0506 * « 

A S o.o«ion formed „y ,00 m, of water and « gr o' T<£um cin.i V^ 0 "" " 3 °° C 
m.xture is men poured slowly into 750 mi of acetone mLJZ?,- " aCCed and the '•*••'«"* 

•s is then Ki.ered ano washed three ^^oZ^SS^Z 5^ ° reC ' 0,tate * 

of acetone and lastly vacuum-dried for 24 hours at 20' ac - tone ' wa <e f 5.1 and three times w.th too mi 

2.61 grs of the title compound are cotaineo. Quantitative determinant * 
according , 0 tn e saoonificauon memcd descr,beo o p , % TrT*, °r °' me es,er * ou °* >* out 
Funcnona. Groups" 4m Edition John Wiley and iTns PuSclZ ' Cuantuafve Organ.c Analysis Via 

Example 26: 



PREPARATION OF CROSS-LINKED CARBOXYMETHYtCHITtN 



Product description: 



75% of carooxy groups used in intemaJ esterification 
25 of carooxy groups salified with sodium 



yiwuya 5diinea wiin sodium 

of acetone and .astty vacuumed for a?Sr! It £ ace »"*^' 3:1 and three times w„h , 00 m, 
Function* Group,- 4th Edition John Wiley and Sons Pub,fe a «fon Quannte ^ Analysis Via 



Example 27: 



PREPAR ATION OF CROSS-LINKED CARBOXYMETHYLCHITIW 
Product description: 

100% of cardoxy groups used in internal esterification 



responding to"!^?2SJX~ ^ 8 °" — «• 

soiuaon of 2.S5 gr (10 mEq, of 2-cnloro-, -methyl pyridine iodide (,0 mEa, in 60 m, of DMSO is 
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Mm iccec crcc =y crco ever > 2 T.e -«.r.-i :i : -cur ir.c :r.e -r,<v-re -s <e=: -r .a "us „ 

The r«$umng mixture .5 s*w.y ccurec r.:c ^50 *i cf >-cs:cne. ma.r.ta.nr.c screnca. ac/.i:.:- • 
snjcxitate is fcrrr.ee -«n,cn ,s tnen filtered are «urte five arr.es w.:n 'CO m. :: aee::ne are uty '»-~rr. 
crteo for 24 hours at 20°. 

2 42 -rs or the title ccmccunc are cctair.se. 2war.5tat.ve eetsrrrtraccn c( :r.e ester ercccs -s :a."«c 
acccrcng to the saccn.iicat.cn methed tiescrcec cn co 169-172 cf "Quantitative Organic Ana.ys:s v.a 
Functional Groucs" 4tn Esition Jcnn Wiley ar.c Sens Fwciicat.cn. 



u: 



io Example 28: 

PREPARATION OATHS' ETHYtrSSTSR- OF CSOSS-UNKED-€AR80XYME7*riVLCHITIN 



Product description: 



25% of carboxy groups esterified with etnanol. 
25% of carboxy groups used in internal estenfication. 
20 25% of carboxy groups salified with sccium. 

5 05 or of the tetrabutylammonium sail cf a carboxymetnylcnitin wt h a 0.S9 subsatut.on ram ccr- 
responding to 10 mEg of carboxy groups, are so.ub.lized in 248 ml of OMSO at 25'C. 0.39 gr (2.S0 mc=, of 
ethyl iodide are added and the solution is keot fcr 12 hours at 20". 0.253 gr (2.5 mEq) of trietnylam.r.e are 
added and the solution is agitated for 30 minutes. 
2S A solution of 0.639 gr (2.S mEq) cf 2-chlorc-l -methyl pyridinium iodide (10 mEq) m 60 ml of DM..0 .s 
slowly added drop by drop over a time interval of 1 hour and the m.xture is keot for 15 hours at 30°C. 

A solution formed by 100 ml of water and 2.5 gr of sodium cnloride is then added and the resisting 
mixture is then poured slowly into 750 ml of acetcne while under constant agitation. The resulting m.xture .s 
slowly poured into 750 ml of acetone, ma.ntaming continual agitat.cn. A predc.tate is formed wh.cn .s tr.en 
jo filtered and washed five times with 100 ml of acetcne and lastly vacuunvdrieo for 24 hours at 30 

2 69 grs of the title compound are obtained. Quantitative determination of the ethoxy groups is earned 
out according to the method of R.H. Cunciff and P C. Markunas (Anal. Chem. 33. t028-i030 (1961). 
Quantitative determination of the total ester grcuos is carried out accoroing to the sapon.ficat.on memed 
desenbed on pp 169-172 of "Quantitative Organic Analysis Via Functional Groups" 4th Ed.Hon John -Wiley 
3S and Sons Publication. 

Example 29: 

* PREPARATION OF THE ETHYL ESTER OF CROSS-LINKED CAR8QXYMETHYLCHIT1N 



SO 



IS 



Product description: 

50% of carboxy groups esterified with ethanol. 
25% of carboxy groups used in internal estenScation. 

25% of carboxy groups salified with sodium. S.0S gr of the tetrabutylammonium salt of a caroox- 
ymethylchitin with a 0.99 substitution ratio corresponding to 10 mEq of carboxy groups, are , so.ub,li 2 *d i « 
248 ml of OMSO at 2S»C. 0.78 gr (5.0 mEa) of ethyl iodide are added and the solution is kept fcr 12 hours 
at 30-. 0.2S3 gr <ZS mEq) of tnethylamine are added and the solution is agitated tor 30 «"*««■• 

A solution of 0.639 gr (*S mEq) of 2-chlcro-l -methyl pyridinium .oc.de in 60 ml of OMSO .s slowly 
added drop by drop over a time interval of 1 hour and the mixture is keot for 1 5 hours at 3<ru. 

A soTution forced by 100 ml of water and Zl gr of sodium ch.oride is men -««^ 
mixture is then poured slowly into 750 ml of acetone while under constant ag.tat.on. a 
which is then filtered and washed five times with 100 ml of acetone and lastly vacuum-cned for 24 hours at 
30° 

'2.71 grs of the title compound ar obtained. Quantitative determination of the ethoxy groups -s earned 
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out iczzrar.q a t^.e rr.e^cc -f R h ~ 

Cuawtaave cater™,,™'* tota. ' * SL'ST" ,An *- C " em - 33. :02S-:::: — 

and Sons Plication. ' ° /S ' S /<a run «onai Grcuos" 4 tn £ =:ticn .- Pn w;: 

Examcie 30: 



Proauadescription; 

75% of cardoxy groups estenfied with etnano! 

25% of carboxy grouos usea in internal estenfication 

">^~^^rjj^^^' 0 89 — - - - 

ethyl .ooide are added and the solution is keot for i^o « « ° MS ° M 25 ' C ' r7t 9 r < 7 5 mfis) *f 
acaed and me soiution is ag.tated for 30 m.n^s **" « 3 ° 0 253 S ' < 2 5 of tnethyam.ne are 

^^^sa^r^r^ ,odide ,n 60 - - °«° - 

A solution formed by 100 mi of water anS oTL , " k6pt '° r 15 hours a « M-C. * 

nature -s then poured slowly ,n,o 750 T of ^^^J^T * » e " — « « - 'esu.fng 
-n ,s .en Hitered and .ashed «ve «mes ^ ? 0u rTf "-e^^ 

Quantise determ.nat.on of the M «ter £uS is L^TT ' ^ ^ £" ,028 -' 02 ° <«»i,. 
deeded on pp 169 -,72 of "Quantitative Organic Anal vM Wa F t0 ^ sa '°™««°" -ethoo 

and Sons Publication. 9 " C ***** 713 F «"ct.onal Groups" 4th Edition John Wiley 



Example 31: 



-3 



so 



55 



|p™ Z the ^ ^ ^ 2 s22ssis ^ 

Product description: 

20% of carboxy groups esterified with cortisone. 
55% o ST flf0UPS USed i0 hma * ^cation. 

Si o 9roups sa,ifiea wim Joaium - 

2i-bromo-4^jregnene- W-a -Qi.3 , , 9n t c - 0 85 (2 mEq) 

Sr (2.5 mEq, 0 f triethyiamine are adde V^^^J** 1 ®" 9 S °' Uti0n is kept tor 24 « 30°C. 0.2*3 

A solution of 0.639 g (2 sTmEM nf^-m f 9 $ ° IU,,0n * a 9 ita,ed ,or » minutes. 
*"ed drop by drop ^ 9 .£^JT^^ m T ,n ? ,,^, "** * "> « °' ° MS0 - - ^ 
A solution formed by 100 ml 0 fT a »r , ° ° " ept f0r 15 hours * 30«C. * 

rnhrture is then poured sl0w|y ^ ^ ^^of ^ "e 9 m:nlT m " ^ ^ and ^ «o 

^•ch ,s ^n fiIter ed and washed three ^^^Z^"""" 'S^™' A PfBdpitate is ^ 
of ac«one and .astly vacuum^ned for 24 hSurTat w ««onen.ater 5:1 and three times w,,h ,00 m, 

'^^^^ZSS^X!^ 2^ determ,nafi0n °' CPrt »- "* valine 
» 8J». W UBOn of Na,C0 ' «« ««raawn with chloroform, is carried out according 
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3uar.manve cetermmaacn ct :re ,..c. ^s.er - _ -r „ r31| , 

ar.a Sens Puciicaticn. 



- :ne sac:r.irica::c~ 



Examcie 32: 



J _^nOM GT TUT — ^" """BONE PARTIAL ESTER <C21. CF CgCS5±^!2 

,0 HYALURONIC AGO (HYl 



Proauct cesenption: 



20 



25 



30 



35 



20*. of carooxy groups estenfied with cortisone <C2i). 

2S". of carooxy groups estenfied wiin ethanol. 

25". of carooxy groups used in internal estenficanon. 

30% of carCoxy groups salified w,th sodium corresponding to 10 mEq of a 

6.21 gr of HY tetrabuty.ammon.um salt w,m a mo lecj.ar we,gnt o »a ^ 

monomenc unit are so.ubi.ized in ^^J^^L^^^^.u. 

of acetone and lastly vacuum-dned for 24 hours at 30 . deterTn ination of cortisone, mild alkaline 

15*. v„ Funconal Qxmf «i 6*w Jo»" «».» im Son. M*c«w. 



Example 33: 



40 



PREPARATION 2£ THE ETHANOL AND CORTISONE ESTER (C21) OF CROSS-LINKED 

HYALURONICACID (HY) 



Product description: 



20% of cartoxy groups estenfied with cortisone (C21). 
70% of cartoxy groups estenfied with ethanoL 

so 10% of carboxy groups used in internal esterification corresponding to 10 mEq of a 

«1 , o» HY <eu*u*.« SSyS*2 are added and 

monomenc unit are solub.Uzed m 248 ml of 0M ®° * " " 1*7 J L *remo-4-pregnene- 17-^oM.u. 20- 

^^=.r.s^ - »vs^~ — . 
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— '€„ _r *a rcurs at 30°C. — ~u..e a. w as., . . cCur:- 
--3 ;rs of ;r,e title comcouna are octame^ "* snnr?-ivo ^ fa _ 

«. F„„c„^ al s„ u0! - ,„ Eoaon Jora , w< „ £ ™,ZZLLT ° 2 " a "" ,save 0,;an,c 



Example 34: 



ggi^Bl gf ™E g^AL TETRABUTVUMMQNIUM SALT nP ^ ^ 



Product Cescription: 



25% of carboxyls salified with tetrabutylammonium. 
75% of carboxyls in acid form. 



4.0 gr of HY sodium saJt with a molecular weight of 170 000 carr**™**^ ♦ 
unit are solubilized in 400 ml of distilled H,n Jn ml « ' Orresoond,n 3 t0 «> mEq of a monomehc 
confining 15 ml of sulfonic ^(^^^^^ 3 ^««s column at «. 

of 5-C. is added to 25 ml of a J^oTjflTi S °° ,Um *' ree eUjate ' *™ « » temperature 

agitation. ° °' °" 1 M of *»*utylammonium hydroxioe. while uncer constant 

The resulting solution is frozen and freeze-dried. 



Example 35: 



PggARATjON OF CROSS-LINKED HYALURONIC A r,n ^ 1::i: n 1 n L 
Product description: 

25% of carboxy groups used in internal esterificaoon. 
75 of carboxy groups with caneoiol. 

^■39 gr of partial tetrabutylammonium salt (25%) of hvaiumnir ~ 

^VLSSS. - " Carte0 '°' ^ added m ° — * * * 30 minute,, me tuning 

Sci.^Sn 9 e ^ in8tiCn °' Carte ° tol is «*» « to me metnod of S.Y. Chu fJ. Phamuc. 



Example: 36 
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pc=?i RAT !CN WITH KArJAMYC:N CF '~E SAL" C= A CnCSS-L'.NKE;} r!YAL'J = CMC A££ 



Product cescnouon: 

5 

25% of carboxy grouos used in internal estemication. 
75% of carcoxy groups with kanamyc:n. 

4.39 gr of partial retraoutylammomum salt (25%) of hyaluronic ac:d ccrresconoing to 10 m£s zi a 
monomenc unit are sotucilized in 248 ml of OMSO at 25'. 0.253 gr (2.5 m£c) cf tnetnyiam.ne are accsa . 
io and the resulting solution is agitated for 30 minutes. 

A solution of 0.639 g (2.5 mEq) Of 2<hloro-i-methyi-pyndinturn iodide in 60 ml of DMSO ;s siowiy 
added drop by drop over a time interval of l hour and the mixture is kept for 15 hours at 30°. 
"-The resulting mixture is* slowly poured into 750 ml- of acetone, maintaining continual agnation- A. _ 
precipitate is formed which is then filtered and washed five times with 100 ml ci acetone ana lastly vacuum- 

ts dried for 24 hours at 30°. 

The precipitate is susoended in 400 ml of distilled water and cooled to 5°C after wmcn a sciuttcn 

obtained by solubilizing i.i gr of Kanamyan sulfate (7.5 mc:) in 25 ml of distilled H 2 0 ana eiuang m a 

column containing 15 ml of quaternary ammonium resin (Oowex 1x8) OH- form is added, while agitation is 

maintained for 30 minutes. The resulting mixture is freeze-dried. 
20 4 6 grs of the title compound are obtained. Quantitative determination of the ester grouos .s earned out 

according to the saponification method oesenfceo on pp 169-172 of -Quantitative Organic Analysis Via 

Functional Groups" 4th Edition John Wiley ana Sons Publication. 

Microbiological quantitative determination of Kanamyan is carried out on B. subtilis 6633 in comcanson 

to standard Kanamycin. 

25 

Example: 37 

30 PREPARATION WITH AMIKACIN OF A CROSS-LINKED HYALURONIC AOD SALT 

Product desenption: 

35 25% of carboxy groups used in internal estenfication. 
75% of carboxy groups witn amikacin. 

4 39 gr of partial tetrabutylammonium sait (25%) of hyaluronic acid corresconding to 10 mEc of a 
monomeric unit are sclubilized in 248 ml of OMSO at 25'. 0.253 gr (2.5 mEq) of triethyiamine are acced 
and the resulting solution is agitated for 30 minutes. 
40 A solution of 0.639 gr (2.5 mEq) of 2-cnioro-l-methyl-piridinium iodide in 60 ml of OMSO :s s;owiy 
added drop by droo over a time interval of 1 hour and the mixture is kept for 15 hours at 30°. 

The resulting mixture is slowly poured into 750 ml of acetone, maintaining continual agitation.,. A 
precipitate is formed which is men filtered and washed five times with 100 ml of acetone and lastly vacuum- 
dried for 24 hours at 30°. 
45 The precipitate is suspended in 400 ml of distilled water and cooled to 5°C. 

1.1 gr (7.5 mEq) of basic amikacin are added while under constant agitation for 30 minutes. The 
resulting mixture is freeze-dried. 

4 8 grs of the title compound are obtained. Quantitative determination of the ester groups is earned out 
according to the saponification method desenbed on pp 169-172 of -Quantitative Organic Analysis Via 
so Functional Groups" 4th Edition John Wiley and Sons Publication. 

Quantitative determination of amikacin is carried out microbiological^ on S. aureus 29737. ccmpareo to 
standard Amikacin. 

55 Example: 38 

PREPARATION OF THE PARTIAL ETHYL ESTER OF CROSS-UNKED HYALURONIC AGO (HY> * 
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■ 3 'ccuc: rescipnon: 



50% of carfcoxy groucs sstenfiec with etrarxi. 
10% of carooxy grcucs usee <n tnterna, esiemic'-xr: 
^0% of carcoxy -roues salifiea -mm scc.um 



20 



' " ww 

monomenc unit are sclublized .n 248 ml of OMSO »t 2-"- 0 7SO -l^ '5 1 = rrssconc,n 9 :o 10 m£= ,< a 
ana :he solution is keot tor 12 hours at 30* Ona'-r/,*"^ I q ' ° f 9thy ' ' ocice ar « *eces 

resulting solution is abated for 30 rmnutes ' ° 5yr ' C ' ne Cfacn « 5re a «eo anc me 

A solution ,s men added - ■ 

resultmg mixture is then poured slowly into 750 ml of aceTone ml I n ° S ° C,Um Ch,Cf ' Ce an<3 «• 

■s formed which is then filtered ano washed three 1« ° m' .TJT, * C ° nt,nUal ag " at,0n - A 
w* ,0O m, of acetone and .ast.y vacuum-dried foi 2^J S Z £ ° acetone. H;0 5, anc three t,mes 

Ouanmative detection of the total a^V^^^L^T, ' Ch6m - 2" ™+»*> (,96.,. 
desenbed on P p ,69-172 of 'Ou^J^^^^XSTS '° ^ -mod 
and Sons Publication. * * na, V s,s Functional Groups" 4th Edition Jonn Wiiey 
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Example: 39 

gggARATIQN OF CROSS-LINKED HYALURONIC ^ 

Product description: 



50 



35 



10% of carboxy groups used in interna estenfication. 
90 o of carboxy groups saiified with sodium 

i added and the resulting solution is ag.tated for 30 minute, SM ' mE9) °' Pyncine cn,or, « «• 

^ttZVLiZZ?** £™^ m ~~ «" 20 - o' OMSO is s«ow ly added 

A so.ution made up of 100 ml of water £ S 71* " T " 3 °< 30- for 45 hours. 

s'ow, y poured into 750 ml of ketone ZnTninc cl^T ^ ™ me fesu, «"9 ,s 

filtered and washed three times wim mZZ.Z."^ a 9' ,anon - * Preco.tate is formed wmcn ts then 
«na,. y vacuum-dried for 24 hours at a temoe'ature ' * *™ ^ 100 ml * 

cut ac^ng rr»S^^^ - ~ ~ - earned 
FuncSona. Groups' 4«h Edition John yS^S^fSS^ ^ Ana.ysis Via 

^'V^^ *"■» — POfysacchandes 

desenbed procedure,, bu, ^iJS^Z^ * ,0 "°^ *° » - 

ihe desired cross-Unked product Thus for insS ZT 9 aWna ' S feactants «° « 
>u.ose or carboxymethy, starch J^^S^tSS^T^ ° n ^^V'ce.- 
but substituting for carboxymemvlehitin in ^lV- . 9 6 St8pS Set ,onh in a6ov « Examples 21-30 
ymemylceilulose or carboxymemyl starch P ait8ma,iVe St3rt,n9 materials based 

on carbox- 

P^SST^ '^on are usefu. ,or the prepara^on of 

cal preparations according to the invent ° 0Wm9 ^ PartCU,ar ewm P'^ Pharmaceuti- 
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Fcrrr.uancn i • C: : "-tcir.rg :;r::scre cr -voter 'CO r.i certain: 



• can; a i arc rr.ixec esier ;f - . = ..rcr.tc i 

• etnyl p. r.ycrcxycer.zcaie 

■ methyt p. hycrcxycenzcate 

■ socium chlcnce 

- water ior inferable oreoaraticr. c.a.a. 



::c -.vun :cn:scr.e anc etnanot -Ex. 32) 



;r. :::C j 
;r.:.:50 j 
Cr. O.rOO I 
mi. 100 I 



Formulation 2 - Cream containing a partial ester of hyaluronic ac:d 
with eshanol of which 100 gr. contain: 



- partial ester of hyaluronic acid with etnanol (Ex. 9) 
■ polyethyienegiycsi rnonostearate -*00 

• Cetiol V 

• Lanette SX 

• Paraoxybenzcate of methyl 

- Paraoxybenzoate of propyl 

- Soaium dihydrcacetate 

• Glycerine F.U. 

• Sorbitol 70 

- Test cream 

- Water for injectable crecaranon/q.b.a. 



gr. 0.2 
gr. 10.000 
gr. 5.000 
gr, 2.000 
gr. 0.075 
gr. 0.050 
gr. 0.100 
gr. 1.500 
gr. 1.500 
gr. 0.050 
gr. 100.00 



Formulation 3 ■ Cream containing a partial ester of carboxymeth 
ethyl alcohol, of which 100 gr. contain: 


/ichitin with 


- partial ester of carcoxymethyichitin (Ex. 29) with ethyl alcohol 

• Poiyethyleneglycol monostearate 400 

- Cetiol V 

- Lanette SX 

- Paraoxybenzoate of methyl 

- Paraoxybenzoate of crcoyl 

- Scdium dihydroacetate 

* Glycerine F.U. 

- Sorbitol 70 

- Test cream 

- Water for injectable creoaration&q.b.a. 


gr. 0.2 
gr. 10.000 
gr. 5.000 
gr. 2.000 
gr. 0.075 
gr. 0.050 
gr. 0.100 
gr. 1 .500 
gr. 1.500 
gr. 0.050 
gr. 100.00 



The following preparations exemplify the me<3ical articles according to the invention containing t 
alginic esters. 



Example 40: 



PREPARATION OF FILMS USING CROSS-LINKED ESTERS OF CAR80XYMETHYLCELLUL0SE 

A solution is prepared in dimethylsulfoxide of the cross-linked n-prcpyl ester of carboxymethyiceilulose. 

By means of a stratifier. a thin layer of solution is spread on a glass sheet the thickness must b 10 
times greater than the final thickness of the film. The glass sheet is immersed in etnanol which aosorbs the 
dimethylsulfoxide but does not soiubiiize the carboxymethyiceilulose ester which becomes solid. The film is 
detached from me glass sheet is rec atedly washed with ethanoi. then with water and then again with 
ethanol. 

The resulting sheet is dried in a press for 48 hours at 30°. 
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^EF^CN OF THREAPS USjNG CSOSS-UNKS5 =3T==S CF C^;c^M£-- 



"-CSLL-JLCi 



'O 



A sc.ut.cn , s prepared .n cimethyisu.fox.ee of the c.-oss-iinnea Sen 27 , rf — . 
The scM.on :n us 00tainea is 5ressaa by means Q , a *° ^ mr^c« n^T"''"'^ 

The mreacer is immersea in ethanoL-aimethyisu.fox.ce 80-fo IT* 
ccnt.nucus aac.tion of ethanol)- when the saiut^n 1 J , f ' wcnwntrat.cn s < ep t censun. 5y 
most of the dimemylsu.fox.oe and thl! ^ele sSiiies " * ""^ " » ! «* 



r 5 Example 42: 
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7piTE7USEfi71iN~~ ~ SPONGY MATERIAL MAOE WITH CROSS-LINKED ESTERS OF CARBOX- 

« o^o"^^ - - ~-V* S rcucs are ester,ee 

a.egreeo/oranu.aJrySrr S ^ Ll^aK^S.' ^ °' ^ 9 °' ^ 
ac.d .s added and the whole ,s homogenized in a m.xer ' 9 ^ =' cart3cnate 1 B of c.tnc 

r^- tor ins,ance by means - a ™^ °' «*o 

me paste is pled be^l the S« to^nTl ^"T betWee " m<3 ^ * e ^™<> th.s oistanc^ 
layer of paste m us toZlZ ^ ^TtoZLT/ ^ P — r "** 3C * « a su °<™ » ^ 
the silicone, wrapped in filter LSTai^JS. • d,me ' ls «"" of 'ength and breacth. removec from 



Example 43; 
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S; N - * 52259T SSSSt maoe wjjh crow-unwed esters of qahbox- 

solvent capaoie of dis S0 Jng ^ chos n tTTS^J "S"** " * ^ ^ 0thef 
other solid compound ^*Z2ZZ?-?Z'l . Ch '° nde * is poss,We » us 

which is however so.ub.et J 2e„ t usS T£Z?JZ 2T* — * 

mentioned mechanical treatment ^fi„ a «J h -1 ^"^tnyicnitin ester after the ad v 

of pores oes.red in Z span* f matTna. " * ^ ^ °' ;o «*" «- typ. 

«^ou^ * * P °" ib,e » - «— of simHar 

dissofve cinory^w™*™™" " T*" * S °' U,i0n °' me S0,vem us d ,0 

of producing a less /cT « i V 3 9as - ^ 85 cart5on *»*•. * ni « has me effect 

bica^n«e^L^icZ^ T » iS D0Ssib,e to «»• in «- P^e of sodiS 

add, in solid form. suS £ " ^ earth «» ■» «he p.ace of citric acid other 

varia^rno" de^ TV* *" ^ b * ^ ta m ^ ^ Such 

modifications „ Z« be^s" iSETlJE S? ^ ^ SC °° e " inVenti0n ' " d 3,1 Sucfl 
«he following claims. tne an are intended to be included w.tnin the scope of 
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Claims 

1. C'oss-TKec carccxy ac:c;c coy*ac:~ar:cas -vrerem a: :east a ; :rs: cc:::cn :f :re zarrtxv* s :• 
;=ic pcr/saccrance are crcss-mxec 3y ester ccr.cir.g ;r iac:cn;c corcir.g :o .-.ycrcxyi crcucs :re -a-? 

s rciysaccnance moiecjie anc.cr :c nycrcxyi grcucs c:rferer-t ~ciysaccr.ance mciec-ies. 

2. C.-css- : inxec acicic cciysaccnances acccrcmg :o c:aim 1 . wnerem sate zoiysacr.**ar:c?s are server 
from the grcuo consisting cr nyaiurcmc ac:c. aigimc ac:a. carcoxymetnyiceiluiose. anc zzrzcxy rr,e:r.y cr.:.r.. 

3. Cross-.inkec acidic coiysaccharides accorcing to one of caims i arc 2. wneretn ail zt :re carrcxv; 
functions of said colysaccr.ances are ester conceo to a hycroxyi grouo. 

:o 4. Cross-finKea acicic coiysaccnarices accoraing :o any one cf c:aims 1-3. wnerem :ne cercentage :: 
said first coroon of carboxyl grouos involved in cross-iinking to the total number of carccxyl grcucs r. sa:c 
polysaccnanae ranges between 1% and 60°a. 

5. Oross-iinkea acicic coiysaccnarices according to claim 4, wneretn the percentage ot-cross-Hr-cr.g - 
ranges between 15% ana 30*V 

T5 6. Cross-Linked acidic poiysaccharices acccraing to any one of claims 1-2 ana 4-5. wnerem crv.y a 
portion cf the carboxyl grcuos of said coiysaccnarices are crcss-imkea to nycroxyl grouos ana :n wr~- = 
second portion of carooxyi grouos of said polysaccnarice are estenfiea with a mono- or poiyvaient aiccrci. 

7. Cross-linked acidic polysaccharides according to claim 6. wherein said alcohol is a member se:ec:ec 
from the group consisting of aliphatic, araiipnaoc. cycoaiiphatic and heterocyclic alcohols. 

20 8. Cross-linked acidic polysaccharides accorcing to claim 7. wnerem saia alcchois of the alipnatic seres 
have a maximum of 34 carcon atoms ana may be suostituted by one or two functional groups chosen frcm 
the group formed by amino, hydroxy, mercapto. aldehydo. ketai. cardoxy. hydrocardyl. and dihydrccar- 
byiamino. ether, ester, thioester. acetal. ketal, carbamtdic groups or cardamicic groups substituted by ere 
or more alkyl groups, the hycrocaroyl radicals in these groups having a maximum of 6 functionally mcc:*ec 

25 carbon atoms, ana in which such alcohols of the alio nan c series may be interrupted in the carcon atom 
cnain by he tero atoms chosen from the group formed by oxygen, sulfur and nitrogen. 

9. Cross-linked acidic polysacchariaes accorcing to claim 8, wherein said alcohol is an alcohol "th a 
maximum of 32 carbon atoms and. in the case of alcohols substituted by functional groups, me hycrccarcyi 
radicals of the amine groups, ether, ester, thioether. thioester, acetal. ketal. represent alkyl grouos with a 

30 maximum of 4 caroon atoms and in the estenfiea carcoxy groups ana in the substituted caroamicic greves 
the hydrocaroyl groups are alkyl groups with the same number of carbon atoms, ana in wnicr: the 
substituted amino or carbarn id ic groups may also be alkyteneamino or aikylenecarbamiaic grouos *i:n 3 
maximum of 8 carbon atoms. 

10. Cross-linked acidic polysaccharides accorcing to claim 9. wherein said alcohol is ethyl, prccyi. 
3$ isopropyf, N-butyi. isobutyl. ten-butyl alcohols, an amyi. pentyl. hexyl or octyf alcohol. 

11. Cross-linked acidic polysaccharides according to claim 9. wherein said alcohol component ce-ves 
from ethyieneglycol. propyieneglycol. butyleneglycd or glycenn. 

12. Cross-linked acidic polysaccharides accorcing to caim 9. wherein said alcohol is tartrcntc aiccrci. 
tactic acids, glycolic acid, malic acid, a tartaric acid or citric acid. 

-to 13. Cross-linked acidic polysaccharides accorcing to claim 7, wherein said alcohols of the araiicratx 
series have only one benzene residue and have an aliphatic cnain with a maximum of 4 caroon atoms ar.c 
wherein the benzene residue may be substituted by between 1 and 3 methyl or hydroxy groucs. ;?» 
halogen atoms, and wherein the aliphatic chain may be substituted by one or two functions chosen frcm rr.e 
group consisting of free amino groups or mono- or diethyl groups or by pyrrolidine or pipehdine groups. 

45 14. Cross-linked acidic polysaccharides according to claim 7. wherein said alcohols of the cycioaiicrat;c 
or afipharjc-cycioaliphaoc series are mono- or polycyciic hydrocarbons with a maximum of 34 careen 
atoms. _ 

15. Cross-linked acidic polysaccharides accorcing to claim 7. wherein said heterocyclic alcohols are 
mono- or polycyciic cycloaliphatic or aliphatic cydoaiiphatic alcohols interrupted in their carbon atom crain 

so or ring by one or more heteroatoms chosen from the group formed by nitrogen, oxygen and sulfur. 

16. Cross-Hnked acidic polysaccharides according to claim 7. wherein said heterocyclic alcohols are 
selected from the group consisting of alkaloids, pnenylethylamines, phenothiazine drugs, thioxantr.er. 
drugs, anticonvuisivants. antipsychotics, antiemetics, analgesics, hypnotics, anorexics, tranquillizers, musce 
relaxants, coronary vasodilators, adrenergic blockers, narcotic blockers, antineoplastics, antibiotics, an- 

55 tiviraJs. peripheral vasodilators, caroonic anhydrase inhibitors, antiasthmatics, antiinflammatories anc sui- 
famidics. 

17. A salt of a cross-linked polysaccharide according to any one of claims 1-2 and 4-i6 with an aikaiire 
or alkalin anh metal, magnesium, aluminum or an amine. 
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•8. A sait ac-r^g := :.a,m :r . s . =:u!n 
'9- A sait acssr-rrg :o C :aim :? ..r.~.„ . . 



»e:e : =cyc:ic a,.;;:" " * ^ ^ >*< «*"■* s 5 " arancnanc. :vc:ca,;c-a::c 

5 2,. A sa,t acccrcrg B ^ J" ^ * 2 accsctace case. 

22. A », acc=rci.-c - 0 dm 21 lr. * * mera = eat ' ca "v *«ve oase. 

Peaces, pn^. 't.n.a.^'S.S^^r ^ ^ <* *""*«• 

.«. annemetics. anesTet.cs. hypnoocs arcrexS tl„ W,Mm,nS - anu «"^'^ants. anucsycct- 

antineocastics. antib.oocs. ^.^^^ coronary v ascc.,'ators. 

w-m a maximum of ,8 carton atoms in the aiicna" oa^ano Th T h aWmS - "V'*"**™., 

-5 optional substituted by oetween , and 3 meZ omuos or 1 "* 9r ° UP " arcmatic = a "- 

ky.eneammes w„r, cyc.'es of between 4 ZlTSJSZL^^ U ~T* °' h ^°*V< - 
heteroatoms chosen from me group ccns^g of oZsZ\T? '^"^ c '' c:e °* 

amino or hydroxy functions. « g of o and S. and armnes of all these types substituted by 

- ^^^X^T° eS ° f 3 ~ mere °' " one of Cms ,- 2 , „here,n 

"id ^y^T i^tr^ 65 " 3 S3 " mefe °' to one o, claims ,. 23 . .here, 

«5£^,n£5SSr °' 3 ~ — ~ * » -y one of Cms ,- 2 , .here, 

" JZ£ ««* * ■ ««V or partial.y crossed 

estenfied a tower ^ ^~c2^^^1^^ , a P °™ * «"* °-ucs 
aikai.ne metal. ° na " y ,nc,ua es a portion of cartoxyi groups saiifieo w.m an 

28. A compound according to claim 27 selee-i«i from «,„ 
» - hyaluronic acid c-oss-iinxed to an extent oM- o 1 T"' C ° nS ' Sting °' : 

extent of 99%: SX,em °' ' ° of me cart >°*Y groups and salified with sodium to an 

• hyaluronic acid cross-linked to an extent of «; * », 

extent of 95%: " 8X,em °' 5 ' °' me car °°*V groups and salified w,m sodium to an 

- hyaluronic acid cross-linked to an extent of 10% of m. 
J* extent of 90%; 61 °' '° * of me caroox y groups and salified w.th sodium :o an 

• hyaluronic acid cross-linked to an extent of 2*» «f m» - * 

extent of 75%: ' ™ °' 2 ' ' °' me Sroups and salified with sodium to an 

^eCoTS^ » - — « - - the carboxy groups and salted w,«h sodium , an 

" ™s%r { ° " — C ' - - «—* ^oups and s.iHed w,th sodium to an 

ethano. and salified wi«, sodium ? JJ^S Jj 5. ^ 9roups " estenfi8d to an extent of 25% ^ 

« - hyaluronic acid cross-linked to an extent at 25~ . ^ 

ethano. and saiified wim ^ ZZ^SZZ.'ZF**" ^ t0 " eXtem °' 50 "' ™ 

M « e — - » - carboxy groups and esters ethano, t an 
a^a^ * w Wch i, a totaify or ^ cro$s ,, kM 

-tt, a tower a.i P ha fic aicoiol. and oXStctSes TnlT U<3 f * P °'* 5n 0< = rou P s e$ »" fi ed 

metal. ° opaona "y ,nc!ud " » Pomon of carboxy groups salified with an alkaline 

30. A compound accaroing to claim 29 sahMred h» «.» 
alginic acid cross^inked to an extent oM« £2?!? 9r ° UP COnsisting of; 

9%: 10 3,1 eX,em 0M ' °' m9 «**y Sroups and salified nn sodium to an extent of 

- alginic acid cross-linked to an extent of 5* «# ^ 

95%: » » extent of 5 . of the carboxy groups and salified witti sodium to an extent cf 

- alginic acid cross-inked to an extent of w m +~ — . 

an extent of 10 ,. of the carboxy groups and salified with sodium to an extent 
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./.^ " :C : > 2n :* :h. :ar=cxy ;r:«s ana sasfiec ,,;n JSCOT . *, .. :sr 

5 C;CSS - inKea 10 in «•« * * grcuos ana , a ,,fiec -v-m sooun := a, , <;sr 

-agnc ac:d crcss-HnKec to an extent or 75% of me carcoxy grcucs ana sa.ifiec ,v, m ss<Sum :c 3, 

- aiginic acid cross-iinkea to an extent of 100% of the carcoxy groups- 

, ^szrsi: zzzt-st — w: — - — <° » «. of 

- — 'J£jL aC,d - Cr0 ^-"- nk?<? t0 2n - e ^ * 25 "' <* «» c^oxy.groups ed estenfied to an extent of 75% ^ 

• -ower agnatic alcono , „ optional|y included pttiW^^ 3 

32. A compound according ,o Cairn 31 selected from the group consUg off e ' 2 '- 
,o Cr0 "* ,inkeCl t0 " M,em °' °' me Cafft0xy saiified wi« h SO c,um to an 

;«eTo7 9 m 5 r!; ylChi,in Cr0SS "' inke<3 ,0 ^ eX,em °' S% °' !he C3rb0Xy °™» s «*■ -odtan to an 

;xte?«7S% : y,C,1i,in Cr0SS "' inked ,0 a " 6X,ent °' ,0% °' me Cart50xy S-"P S and saiified with sodium to an 
" ;S 0 o7^t: ylChitin CrCSS " inked ,0 " 6Xtent °' ,0% °' me C3rt30x V groups and saiified with sodium to an 
eneno^T'™" CTCSS * ,inked " " — * °' 25% °' m ° ^ - w.th sodium to an 

=0 ;x^t°o7s m 0 e .r ylCf1itin Cr0SS " inked ,0 " eXte^, °' 50% °' me groups and saiified w„h socium to an 

^ooxymemyichitin crcss-.inked to an extent of 75% of the carboxy groups and saiified to an extent cf 
carooxymetnylchitin cross-linked to an extent of 100% of the carPoxy groups 
» «rt« C °'" P ° ,J " d accc ^ in g to Claim 31 selected from the group consistmg of: 

^j?^z a r^™zT£ >°i r°- y — - — » - 

• carboxymetnyicnitin cross-linked to an extent of 25"- n# *h« ^* 

<o an extent of 75%. 6 carbox y S^ups and estenfied w.th ethanoi :o 

34. A compound according to claim 24 selected from me group consisting of 

^d^ groups, estLed to an extent of 20% ^ ' 

<s e«e y mT2 0 C ^ CrO r , ; ked , , ° " eXtem °' 25% °' * e cart>0 *Y cortisone to an 

nyaiuronic acid cross-linkec) to an extent of 10% of the carboxv orouos esterifi^ wi»h ^ 

extent of 20% and with ethanol to an extent of 70%- estenfied with cortisone to an 

™n™%T Cn5SS * linked 10 " 6X,em °' 25% ' C ' me Cart!0Xy 9roups - saUfied ««• carteo.o.0 to an 

50 iSSS'.r 1 ** - 10 " 9x,ent °' 25% °' ** - safified to ' 

exS^%f d CT0SS ' Hnk8d to ^ «« * 25* of ft. carboxy group, and saiified with amikacin to an 

ss 21 ^"STS^SJT^ comprisino asanaaive inaredient 3 compound accortino W *™ 

36. A medicament comprising: 
(1) a pharmacologically activ substance or a mixtur of pharmacologically activ substances: ana 
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(2, a v.«« comenwc of a «„-,„,« :=, y sac:r £ r,ce 5 cc=r=,r. c :c £ny , ;ne s( 

tec,™ use™*"™' aCCOfCmS ,0 Ca,n M *™«™ "> * a — « * =«r,., t 
5 ^38. A medicament acccrcing t0 cram 37. ,n wn.cn me wow. cf comocnen, (2 ) ,s nytlw .. iC 

?o ^ 40. A cosmeac ndt contam.ng a C r= ss -,inKeo acidic po.ysaccn.nae according to any one of cia,m S ,. 
c^l uzT^ W SUrg ' ea> ^l 0 ^^^^^^^ :o^ny one C f 

P^ttrSic^^ aCCOr0in9 10 " «"""« <* - -3 of a ccs^ec 

' 5 *n££ZZZZ^ artC ' e » of caosu.es , 0 r me succ,,ane= us 

intram^u*^^ '° ^ «' - » ^taneous. 

,o ^V^„^ta e aC=0rCin9 ,0 C,3im " mPr,Sed °' » * 

woun«^ a S s ° f SUr9 ' Ca ' ^ aCC ° fdin9 t0 sP^es for me medical of 

h ya,u 4 ront:S. ary °' ^ aCC5fdin ° * °" 8 °' C!a "" s ^ me po.ysacchanoe i S 

" aig^r'^ ° f SUr9iCaJ ^ aCCOfdin0 * ^ °"° « «*™ ^rein me po.ysacchande i S 

anificLkin * P °' ySaccfta "<* ««««"S * any one of cla,ms ,. 3 4 in 'erma.o.ogy as 

* hyalur^ Pr ° dUCI aC=5rCin9 t0 "* ^ °' **" '- 34 Whefei " «* PP'V-cnance ,s 
su^oo^onV" 558 '""^ P0 ' ySacCftariae » any one of claims l 3 4 as su«ure thread in 

compU:^ 0 "" * ^ P ' ePara,i0n * a "- > 0r fi,ms - a acidic poiysacchanoe who 

* 2! ? < i SS °' Vin9 3 P">".finked acidic co.ysaccharide in a first organic solvent 

b forming said solution of a crossed acidic polysaccharide in» a sheet or «hr« fl 

said" £X£2£ ^ ^ ^ "* 3 ~™i2SS.o«. in 

45 S' J cm-- f^T?" 9 * C,aim S5 - Whef8in *"«hy«««Wd. « used aa said first organic solvent 
and^r^el™ * - « - ^tor^nt 

SSS « ^r P O o ati0n ? Cr ° SS " ,inked Cart50Xy Po'yaccharides which comprises: 

cross Jn^ U e ! 8 rS!*t intermediat8 aCt * VatM P°'y sa «*ari<Je Oerivatives to heat or irradiation to produce 
cross-unitea camoxy aadic polysaccharides. 

ss polysaUaSTa^ " ^ ^ « least a porton °' me carCoxy oroups in said 8C,aiC 

60. A process according to claim 59. wherein said at least a portion of carooxy groups are saiified wim 
an alkaline or alkaline earth metal, or w,m a quaternary ammonium. 
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51. A access acccrcing ;c ::aim 53. .vrerem saic treatment *i;h an activating acer.: s zerz'—.i-z r .re 
presencs cr a cataiys:. 

52. A process acccrcing ;o claim 55. *nere?n a ccrticn or :r.e carccxy ;rcucs n saic ace: 
pciysaccr.aride are sstenfied with a mcr.c- cr -ciyvaient aicchci. 

s 63. A process according to any one cr claims 55-52. wherein sate activating acent :s a carccciimica. 
etr.oxyacstyiene. Wccdwarc's reagent, or cnlorcacetonitryl. 

64. A process accoraing to any one of claims 58-62. wherein said activating agent is a 2-haicgervN- 
alkylpyriainium salt, in which the halogen is selected from me group consisting of cnionne ana cremme ana 
the alky! has a maximum of 6 carcon atoms. 
to 65. A process according to claim 64. wherein said activating agent is a chicnde of 2-:hioro-N-methyi- 
pyridine and reacts with a tetracutylammonium salt of the polysacchariae in the presence cf a tertiary 

amine. base^_. ..... .._":_.„. ... 

66. A process according to any one of claims 58-65. wherein the reaction is carried out in an organic 
aprotic solvent. 

ts 67. A process according to claim 66. wherein said organic involving the aprotic solvent is a diaikyisui- 
foxtde or a aiaikylamiae of a lower aliphatic alconol with an alkyl having a maximum cf 6 caroon atoms. 
68. A process according to claim 67, wherein dimethylsulfoxide is used as said solvent. 
63. A process according to any one of claims 53-68. wherein the reaction is earned out within a 
temperature range of between 0° and 150° 
20 70. A process according to c!aim 69 in which the reaction is carried out at room temperature. 

71 . A process according to any one of claims 58-70, wherein subseauent to said cross-linking reaction, 
at (east a portion of any remaining free carboxyl groups in said cross-linked acidic polysaccharide are 
salified or estehfted with a mono- or polyvalent alcohol. 
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